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PREFACE 


Ever since its establishment, the National Council of Applied Economic 
Research has concerned itself widi problems of energy and their bearing 
on the course of industrial and economic development in the country. 
Early in 1957, it undertook a comprehensive programme of research cover¬ 
ing the entire field of energy development in India with a view to estimat¬ 
ing the country’s future requirements of coal, hydro-electricity, petroleum 
and, possibly, nuclear power, in the context of our expanding economy. A 
brief interim report on this study appeared in Mardi 1958 under the title 
Vtilization of Trimary Energy in India, which dealt chiefly with the pro¬ 
duction, consumption and utilization of heat and power from primary sour¬ 
ces, viz., coal, water, power and oil. A second publication in the series. 
Domestic Fuels in India (October 1959) was an attempt, in many ways a 
pioneer one in the country, at assessing the requirements of household 
energy in the future and investigating ways of replacing secondary energy 
by fuels of primary source. The present study, the third in the series, is a 
comprehensive, but necessarily rough analysis of tlie maximum plausible 
demand for different tjqjes of fuels that the Indian economy may require 
in order to maintain a certain pace of growth in the coming decade and a 
half. It presente estimates of demand for coal, hydro-electricity, petroleum 
and nuclear power for quinquennial periods beginning with 1960 and end¬ 
ing in 1975. 

A study of this kind has to begin with certain simplifying assumptions. 
The main assumption here has been that the Indian economy will grow at 
a steady and regular pace, that can significantly increase the demand for 
energy throughout this period of growth. It is also assumed that there will 
be no sustained barriers, economic or otherwise, to such a growth. Given 
these assumptions, the question posed is: what will be the country’s energy 
requirements in the coming years if national income is to grow at about 
5 per cent every year and per capita income is approximately doubled 
between 1950 and 1957?" This report seeks to answer tliis question through 
a detailed, step-by-step analysis of the problem, beginning widi a review 
of the current energy situation and its relation to economic structure, tech¬ 
nological and other implications involved in the process of transforming a 
subsistence pattern of life into a modem industrial economy, and, on the 
basis of certain derived correlations, concluding with estimates of future 
demand by sources and type of energy. 

• Second Five Year Plan, Planning Commission, p. 11. 
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The subject is complex and the future is uncertain. This report is by no 
means the last word; but it should serve to direct attention to a vital pro¬ 
blem. The actual requirements may vary from the estimates projected in 
these pages, but care lias been taken to see that the methods adopted are 
explained in as precise a manner as possible, so as to allow for suitable 
corrections to be applied as and v\Hlien necessary. Despite these limitations, 
it is hoped that the projections will provide a sound basis for planning 
the expansion of future energy supplies in the context of a general econo¬ 
mic policy for the countiy. 

A study of this type would be almost impossible without a large measure 
of cooperation from the several agencies and institutions, official as well as 
non-official, concerned with energy matters in this country, and my thanks 
are due to them for their valuable assistance. A number of individuals have 
contributed to the project through discussion, by reading the preliminary 
drafts, in whole or in part, offering expert advice and generally associating 
themselves with the project at various stages. The Council is indebted to 
persons in different departments, the Planning Commission, Ministries of 
Steel, Mines and Fuel, Commerce and Industiy, Burmah-Shell etc. I 
would, however, like to thank in particular Dr. H. J. Bhabha, Chairman, 
Atomic Energy Commission; Prof. M. S. Thacker, Director-General, Coun¬ 
cil of Scientific and Industiial Research, Mr. M, Hayath, Chairman, Central 
Water & Power Commission and Dr. A. Lahiri, Central Fuel Research 
Institute, Dhanbad. Tlie Council is also obliged to Prof. J. B. Condliffe, 
Council’s Consultant, for his advice and interest in the project. None of 
these .persons, however, are in any way accountable for the opinions expres¬ 
sed in the report for which the Director-General and staff take full respon¬ 
sibility. 

Tlie Council is also indebted to the management of Burmah-Shell, at 
whose initiative the project was first undertaken and who have materially 
assisted the Council in its execution. It need hardly be added that they arc 
not necessarily in agreement with the findings of the report, nor do they 
accept any responsibility for it. Tlie report was prepared by the staff of 
the Energy and Natural Resources Section of the National Council headed 
by Dr. J. Dubaslii, under tlie guidance and direction of the Director-General 
and reflects the collective judgment of the National Council. It is hoped 
that the study will prove to be a useful contribution to knowledge in an 
important field of national economy. 

New Delhi 
^nuary 1960 


P. S. Lokanaihan 
Director-General 
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CHAPTER I 


ENERGY CONSUMPTION AND ECONOMIC 

ACTIVITY 

1.1 Despite its rather modest contribution to the gross product, energy 
plays a decisive, albeit indirect role, in economic development, since, to the 
extent that it is available, it stimulates or hinders ec‘onomic growth. The 
shortage of energy undoubtedly constitutes one of the obstacles which most 
seriously limit the economic process, a low level of consumption being clear 
Indication of a state of under-dcvelopment. In addition, it should be noted 
that energy is of universal use, being not only a component of the produc¬ 
tive process, but also an element fundamental to welfare. It is advisable 
therefore to draw a distinction at the outset between energy as a factor of 
production and energy as a consumer good. 

Economic development basically implies an increase in the average pro- 
dvictivity of labour force. Such an increase is directly influenced by the 
amount of energy wliich man is in a position to incorporate in the productive 
process. The productivity of various economic activities is a direct function 
of the amount of energy used and the form in which it is used. An increas¬ 
ing and rational use of energy is, therefore, a pre-requisite for the technical 
improvement of all kinds of economic activities: it is essential for raising 
productivity levels and for remedying the technical and economic back¬ 
wardness of under-developed countries. 

1.2 Fig. 1 is concerned with the relationship between per capita incomes 
and per capita energy consumption in about 50 countries for a recent period 
(averages for the years 1949-50-51).^ Despite substantial deficiencies in 
the data concerning both national income and energy consumption, there 
is ample evidence of a rough but unmistakable positive correlation between 
per capita incomes and per capita energy consumption. Large differences 
in income are associated with large differeces in energy intake and it may 
be taken for granted that no country at this stage of history can enjoy a 

i This and succeeding reference figures in the text indicate Notes and Refer- 
ences on pp. 137-56. 
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high per capita income without becoming an extensive consumer of energy. 

Despite tlus marked relationship, there are substantial differences in per 
capita energy consumption among countries with similar per capita incomes. 
There are certain obvioijs reasons for these discrepancies including the 
extent of industrialization, the product mix of industry, the relative import¬ 
ance of energy-intensive processes in the industrial structure, climate, effi¬ 
ciency of utilization and differences in energy costs. Although the available 
data are not sufficiently reliable to justify an elaborate statistical analysis 
of the relative importance of these variables, certain observations are in 
order: transport, mining, energy production and a number of manufacturing 
activities are energy-intensive economic activities as compared with both 
agriculture and services, and consequently countries vinth a higher propor¬ 
tion of the former tend to have higher per capita consumption. About 6.5 
per cent of the world’s energy consumption is accounted for by manufacture 
and transportation, though not more than one-lifth of the gainfully employed 
are engaged in these activities.® It is interesting that tlie country having 
the highest proportion of Gross National Product (GNP) originating in 
agriculture, forestry and fishing (xdz. Thailand 57 per cent in 1950) and 
the highest rate of employment in this activity (88 per cent) also ranks 
among the very lowest consumers of energy on a per capita basis (0.29 
metric tons in 1949). It is also interesting to note that Japan which had a 
relatively low per capita income ($165 in 1952) was a relatively large 
consumer of energy (1.07 metric tons in 1952). On the other han^ there 
are certain countries like Ireland and Finland which are not e.xtensively 
industrialized, but have relatively high rates of energy consumption 
(because of their relatively high per capita incomes). Canada, to cite 
another instance, is less highly industrialized than the United States and her 
per capita income is substantially lower. Yet Canadas energy consumption 
per head is nearly as high as that in the U.S., and in a few years may be 
higher. Tlie main reason for this is, of course, the high proportion of the 
Canadian industrial complex that is made up of electro-processing indus¬ 
tries, including aluminium, which ranks about at the top of the list of major 
energy consumers per ton of product.® Norway is' another example of a 
country that, though not particularly highly industrialized, has a Ugh. per 
capita energy consumption because of the composition of her industrial 
activity. 

1.3 In relating energy requirements to prospective rates of economic 
growth, it may be useful to consider the countries of the world in three 
categoric. To the first group belong, what mi^t be called, mature indusMal 
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economies including the U.S., most of Western Europe and, perhaps, some 
other areas. These are economies that have demonstrated a capacity for 
economic growth in terms both of increasing national income and of income 
per capita and have developed institutions and customs that generate 
continuous economic growth.^ The position of irlBustrial activities in these 
countries has tended to become relatively stable in the short-term and to 
follow persistent trends over the longer run. Energy requirements in these 
economies tend to increase at aljout the rate of GNP or more slowly (£ = 1 
or < 1). In the United States, the BTU* input per dollar of GNP at 
1939 prices declined from 300,000 in 1909 to 230,000 in 1952. Putnam s 
figures for the U.K. show a 50 per cent decline in 80 years and for Japan a 
20 per cent decline in 15 years.'** 

A second group of countries is clearly in midstream of a process of 
rapid industrialization. A number of Latin American countries as well as 
certain areas in Eastern Europe belong in tliis category. These countries 
have either attained or are in a fair way towards attaining an institutionali¬ 
zation of the process of economic growth; they arc ‘over the hump' that 
separates tl)e relatively stagnant under-developed areas from the techno¬ 
logically advanced, capital-intensive areas where increases in per capita 
income have become quasi-automatic. At the same time, they are differen¬ 
tiated from the economies in our first category by the,fact that industry 
(manufacture, mining and transport) accounts for an increasing—in some 
cases a very rapidly increasing—per c^ent of total empolyment, mainly at the 
expense of agriculture. Energy consumption in these countries tends to 
increase more rapidly than GNP mainly because of the increasing relative 
importance of transportation and industrial sectors in these economies 

(e>l). 

The third group of countries—and this includes India—comprises most of 
the so-called under-developed areas of the world where per capita incomes 
are not low but have not increased substantially over recent decades.® It 
is usually a mistake to consider these areas as economically stagnant since 
frequently expanding enclaves of technologically advanced economic 
activity are to be found. But over most of the area in question these 
exceptions remain enclaves that are not organically related to a growth 
process that can confidently be expected to produce for the economy as a 
whole a continuous increase in per capita incomes. At the same time, there 
is in most countries comprising these under-developed areas a'strong deter- 

* PTU: British Thermal Unit, 
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mination on the part of governments to bring about economic developmeirt 
and a disposition on the part of economically advanced countries, for wliich 
there is little historical precedent, to assist in this development. Consequ¬ 
ently, it would be a mistake to attempt to assess probable eneigy require¬ 
ments for these countries by projecting past trends of energy consumption. 
In these countries, for reasons explained later, energy requirements tend to 
grow slower than GNP (e < 1). 

1.4 After analyzing historical behaviour and international situation, it 
seems advisable to formulate a tentative hypothesis on tlie behaviour of 
consumption (^f total energy in relation to economic activity. In the initial 
stages of development, consumption of energy generally grows at a slower 
rate than GNP, and, therefore, unit consumption (i.e. consumption per unit 
GNP) declines with time. Later, at intermediate levels of development— 
when there are marked changes in the structure of production, mainly con¬ 
sisting in tlie greater expansion of industry and other activities where energy 
inputs are proportionately liigher and in a more intense grov^^h of residential 
"consumption—supply requirements will increase at least as rapidly as GNP 

(elasticity close to unity), or even more (s >1). Finally, w’hen a high 
degree of development is reached and the various production sectors acquire 
a more stable structure, unit consumption will again decline, this time 
owing to the possibility of improved eflSciency in the use of energy and to 
a partial saturation of residential demand. 

1.5 Referring again to Fig. I, it will be seen that the slope of the trend 
curves for countries with per capita incomes of less than and over 250 dollars 
is 0.6 and 1.17 respectively. With an elasticity of 0.6 for countries with 
low income (including India), a 10 per cent rise in income tends to raise 
per capita consumption of energ)' by 6 per cent. The elasticity close to 
imity, characteristic of more developed countries, likewise means that for 
each 1 per cent increase in income a similar improvement can be expected 
in the demand for energy. 

The relationship between the variation in the consumption of energy as 
a function of income fluctuations should necessarily coincide with the histo¬ 
rical behaviour of both factors. Unfortunately national income figures are 
available for India only from 1948-49 onwards. If these figures are corre¬ 
lated with energy consumption figures for the corresponding years, an 
income elasticity very near 0.6 is obtained.^ 

1.6 The declining trend of unit consumption merits special attention. 
Since the GNP sectors consuming relatively high amounts of energy are 
increasing more rapidly than the other sectors, it is logical to expect that 
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unit consumption should grow. The opposite trend might have been 
expected from a more efficient use of ener^, but it is evident that in a 
counti)' like India the degree of technical improvement is not enough to 
bring about such an effect. The reason for such a low income elasticity 
must, therefore, lie in the demand for energy a.s a consumer good, the slower 
growth of which in comparison with GNP has counteracted and annulled 
the greater relative increiisc of the demand for energy for productive pur¬ 
poses. This brings us to the two chief as|>ects of energy consumption: 
consumption as a factor in production in the fields of industry, agriculture 
and transportation; and consumption for the direct collective and individual 
needs of the people, that is, energy as a consumer good. In determining 
future prospects, it is necessarj' to take these two aspects of consumption 
into account, make an analysis of the various factors influencing them and 
further assume how these factors will operate in the future. 

1.7 Energy consumption in industry (in any industry, not necessarily 
manufacturing) may be evaluated in relation to the production of individual 
products, and in relation to the number of w'orking hours of workers. Energy 
used up per rmit of production, that is, the specific consumption of energy, 
decreases, on the one hand, due to a reduction of the losses connected with 
a particular method of use; but, on the other hand, new methods of using 
energy are continuously being invented, which replace manual labour more 
and more every' day and improve production processes, thus increasing 
specific consumption. Tlie ratio of energy consumption to tlie number of 
working hours, the so-called ‘power quota' of the labour always goes on 
increasing, and unth it, the iwoductivity of labour.® The national per capita 
product is a function of productivity in different sectors and the pattern of 
occupational structure.* Development alters the level as well as the structure 
of demands and supplies so that as economic activity expands there are 
changes induced in the composition of the GNP through changes in pro¬ 
ductivity and occupational pattern. A doubling of national income does 
not mean that all products and services in the community flow in it twice 
the initial rate. Development involves a transfer of part of the working 
force from agriculture to secondary and tjertiary activities, but this, in turn 
pre-supposes an inct^e in productivity in agriculture itself along with 

• The three variehlcs, viz. actual production, P, the number of hours worked, 

L, and the eni^ consumed, E, are related to one another through another 
variable, production per man-hour, or productivity of labour. The relation can 
be expressed thus: (Conti, on p. 7.) 



ENERGY CONSUMPTION AND ECONOMIC ACTIVITY V 

productivity increases in other sectors to absorb die surplus working force. 
These changes are not easy to predict, but without a quantitative idea of 
dieir behaviour in the future, no valid estimates of energy demand can be 
made widi a reasonable degree of accuracy. 

Tlie experience of other countries in the course of their economic deve¬ 
lopment discloses a general tendenej' for primary employment to decline 
relatively to employment in industry and services.® Between 1870 and 1930 
the proportion of the active jxipulation employed in agriculture declined 
from 54 per cent to 23 per cent in the U.S., from 42 per cent to 25 per cent 
in France and from 80 to 48 per cent in Japan. In Germany, this proportion 
declined from 39 per cent in 1880 to 22 per cent in 1930, and in the U.K., 
from 15 per cent in 1870 to 7 per cent in 1920. Recent data regarding Latin 
American countries also show a certain shift of labour from agriculture to 
industry during the post-war period; between 1945 and 1950, the agricul¬ 
tural labour force in that region declined from 60 to about 58 per cent while 
the per capita GNP showed an average rate of increase of 4 per cent per 
annum. 

In India, there has not been a marked change in the occupational pattern 
over the last three or four decades in spite of considerable increases in 
industrial production.^® Broadly speaking, agriculture and allied pursuits 
continue to absorb about 70 per cent of the working force; mining, factories 
and small enterprises including construction, take up some 10.6 per cent; 

m 

p = — 

n 

V/here n = specific energy consumption 
m 5= power quota of labour = 

P 

p =r productivity of labour = ■- 

L 

This means that labour productivity grows faster vith power equipment, and 
with a decrease in specific consumption of energy. The latter is inversely pro-* 
portional to the efficiency of the productive process, so that the above expression 
can also be expressed as 

p = k.m.n’ 

where n* is the efficiency of production and k is a constant. This may be stated 
as a basic relationship between energy consumption and economic growth. At 
a given level of technological efficiency, p x m. 


= ® 
P“ 

£ 

L 
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about 7 per cent is engaged in transport, conununications and trade; and 
the services absorb over 10 per cent. Tlds means that the secondary and 
tertiary sectors have not grown rapidly enough to make an impact on the 
primary sector; nor has the primary sector itself thrown up surpluses wliich 
would create conditions favourable for e.xpansion elsewhere. The net result 
has been a quasi-stagnant economy.*^ 

1.8 The energy consumption function can be written as E = Ep -f 
where E is total energy consumed; Ep = energy consumed as a factor in 
production; and E^ = energ)' consumed as a consumer good mainly in the 
domestic and services sectors. In India, roughly 70 per cent of the total 
energ)' consumption is in these sectors, the rest being mainly in industry 
and transportation.'® In more developed economies, the percentage of con¬ 
sumption in the domestic sector is generally lower than 50 per cent, the 
percentage in the U.S. being as low as 25 per cent in domestic and commer¬ 
cial services combined.'® The ratio of the two coefficients is an important 
indicator of the level of economic growth, since a relatively higher percentage 
of utilization of energy as a producer good obviously results in a higher 
rate of growth. 

Data regarding income elasticities of domestic energy consumption is 
extremely meagre, but it is generally agreed that they are very low and 
probably He within 0.18 and 0.20. In the three cities, viz. New Delhi, 
Bombay and Calcutta, in wliich NCAER recently carried out tlie sample 
sun^cys," expenditure elasticity for total domestic energy was found to be 
0.225. This was also roughly the figure in England at the turn of the 
centur)'.'® Because of this relatively low elasticity of domestic energy 
demand, 10 per cent rise in per capita income leads to an in¬ 
crease of 1.8 per cent in domestic energy consumption and 15.8 
per cent increase in consumption in other sectors.* Since the do¬ 
mestic energy component of under-developed countries is generally 
a large one, the aggregate elasticity of energy demand for countries 
Hke India is lower than unity, in fact as low as 0.6. As the standard 
of Hi’ing rises, the low domestic elasticity also rises (particularly with 

* The energy consumption function, E = Ep 4 . can be written as 

Ss = Sp + e* 

P P 

where e and i are per capita energy consumption and income elasticities of 
energy demand respectively; S€ is aggregate income elasticity and p is per capita 
income* Since = 0.7£, = 0.6, and Sc = 0.18, s, works out at 1.58. 



ENEBGY CONSUMPTION AND ECONOMIC ACTIVITY U 

respect to such energies as electricity which, at present, account for less than 
1 per cent of the total domestic consumption) with the result that b^ond 
a certain per capita income (about 250 dollars) the energy demand increases 
as fast as, if not faster than, the national income. The elasticity for energy 
consumed as a factor in production (which works out to 1.58 in India) is 
worth examining. For tlie years 1948-49 to 1955-56, tlie corresponding 
elasticity in India was found to be 1.4. This is, however, too short a span 
to be really more than just minimally useful; moreover, there is a lag 
between the application of energy and the generation of income, particularly 
in a sector like agriculture, so that an allowance has to be made for the time 
lag. Because of this, the period under examination is still furtlier reduced 
and the results are much less reliable. 

There is, however, another method by which the validity of ep = 1.58 
can be confirmed. In almost all the poorer countries, secondary energy 
(that is, non-primary or non-commercial energy) is mainly, and sometimes, 
as in the case of India, wholly used in domestic consumption, the use of 
primary energy being chiefly restricted, for obvious reasons, to productive 
sectors. In India, only about 10 per cent of the total primary energy is 
used in households. The use of primary energy in countries at India’s level 
of economic development can, therefore, be considered a good indicator 
of Sp. It was found that the income elasticity of primary energy demand 
in such countries was of the order 1.415 to 1.76, the average being a little 
less than 1.6.^* Our figure of ep=1.58 can, therefore, be taken as fairly 
acciuate in the context of present Indian conditions of economic growth. 

1.9 These elasticities are broad indicators of the rate of change of 
energy consumption in a particular sector witli respect to the general rate 
of change in the overall economy. But there may arise situations in which 
the historical behaviour on which they are based may not hold good in a 
partiailar context. For instance, a radical social and political philosophy 
may impose upon the consuming sector of the economy such restrictions 
as may lead to a lowering of elasticity of energy in domestic consumption 
(»c) far below its present value in order to direct the resources (energy 
included) to the productive sectors to the maximum extent possible. In 
such a case, the growth pattern will take a direction without precedent in 
history and will have to be assessed in its osvn particular context. In a 
planned economy of India’s type where radical social and political philo¬ 
sophies are assumed to operate within a freely chosen democratic milieu, 
the consuming sector is expected' to grow in the general direction of overall 
growth, although perhaps not’as rapidly as in relativdy less restricted ‘free’ 
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enterprise economies. Tliis assumption is implicit throughout tliis study.^’^ 
The relationship underlying economic growth and energy consumption is 
now fairly clear as also the nature of inter-scctoral relationships through 
which the growth process is operated. Taking per capita GNP** as our 
indicator of growth it has ben jrassible to derive basic relationships between 
the various economic sectors on one hand and the energy consumption 
therein on the other. We have to extend this analysis to individual types 
of energ)' on the strengtli of existing data and on certain other considerations 
based on historical behaviour of these types. This will be attempted in the 
chapters tliat follow. 



CHAPTER II 


STATEMENT OF THE PROBLEM AND 
METHODOLOGY 

2.1 In order to project energy consumption requirements a knowledge 
of the following factors is essential: 

(a) What, in the past, have been tlie outstanding characteristics of 
energy consumption, its relation to economic actmty (cnergy/pro- 
duct), to the population (encrgy/pcr capita) and to the international 
picture? 

(b) What has been its composition, and how has it varied? 

(c) Wliat is the anticipated rate of increase of GNP and what variations 
in its structure are envisaged? 

(d) \^^at is the increase expected in population and how is the rural- 
urban ratio likely to change? 

Sometimes, in an analysis of tliis 1 )^) 0 , a simplified solution of the problem 
is often attempted through independent projections of past consumption 
trends for each type of energy over a given period. This, however, involves 
certain obvious and appreciable risks, and projections made on this basis 
are apt to lead to a substantial over- or under-estimation of further needs. 
The results obtained from the projection of historical trends will be satis¬ 
factory only if future developments conform to these ti'cnds, but tliey wll 
certainly be erroneous if there is any variation in the rate of development 
and the consequent change in the economic structure. In India, both the 
rate and the structure will differ sharply in future so that a mere 
extrapolation of historical trends in consumption is certain to lead to entirely 
unreliable estimates. This approach, therefore, has been discarded in this 
study in preference to what may be called economic correlation approach 
in which future estimates are made by relating eaergy requirements, as 
closely as possible and in as many individual sectors as practicable, to 
economic development. 

2.2 Starting with available statistics, the basic mediod employed has 
been to make an overall projection of total energy consumption and total 

IJ 
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electricity production, relating these to the hypothesis of economic deve¬ 
lopment The overall figure tlius obtained senses as a useful frame of 
* reference for dimensional analysis and as a guide for further sectoral break¬ 
downs which can then be aggregated to give a more accurate estimate of 
total demand. Projections of energy demand by means of a selective 
analysis of the various economic sectors is a more accurate way of 
ascertaining the distribution of total energy consumption by types of 
fuel and of examining closely the possibilities of replacing one type 
of fuel by another. In the more developed countries, there is no great 
difference between the method by sectors and the overall method, but in 
a counby’ like India, the change in economic structure (specially the pro¬ 
gressively greater incidence of manufacturing activity) is a major factor 
to be taken into account and one which may substantially alter the con¬ 
sumption pattern and thereby to a certain extent, the total demand. Tlie 
sectoral analysis has been carried further into certain specific industries 
within that sector, viz. iron and steel, cement etc. in the industrial sector 
and road and rail transport in the transportation sector. Information with 
regard to the development of these industries over the ne.\t two decades is 
now available (albeit in a rather sketchy and tentative form), and by 
applying suitable coefBcients, individual estimates of demand likely to arise 
within each industry' have been attempted. 

Having made overall projections, the next }X)int to be examined was 
the breakdown of the total by types of energy'. Since electricity as a soiu'ce 
of mechanical power is a very special and characteristic form of energy’, 
estimates of electricity demand were made separately for different sectors, 
and then subtracted from the total energy' demand to obtain requirem^ts 
of coal and petroleum products. It may perhaps be mentioned that while 
electricity satisfies a very specific kind of demand for a particular form of 
power and heat, neither coal nor oil (except in special cases) meets any 
singular energy demand. Actually', although it can be said that there exists 
a demand for electricity in the sense that electricity as a form of energy is 
well-nigh irreplaceable in certain conditions of energy use, the demand for 
coal and oil is only an indirect one and is essentially a demand for industrial 
and domestic heat, and certain modes of transport. By isolating such 
exclusive sources of energy as motor spirit for automobiles, kerosene for 
lighting and coke for iron smelting etc., the aggregate demand for coal and 
oil has been broken down further into its (»al and oil constituents on certain 
broad assumptions as regards the future possibilities of their substitution. 
The demand for electricity is also broken down into thermal, hydro and 
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nuclear sources and an estimate of installed capacities necessary to meet this 
demand is made. 

2.3 Energy consumption, it may be stated, is not an end in itself; 
inasmuch as it is a necessary overhead of economic growth, its growth 
conditions and is, in turn, conditioned by the latter. The ultimate aim is 
economic and social development of the nation on as large a front as 
possible, its pattern and magnitude being determined by factors which 
can be said to be, within certain limits, more or less, independent of energy 
considerations. The energy function is thus a derived function of economic 
growth and, for the purposes of this study, the latter can be treated as an 
independent variable. 

In this study, the future course of the economy has been assumed to 
follow the lines of de\’clopincnt postulated in the model given in the Second 
Five Year Plan with a slight modification towards the ei>d of the period 
when the per capita income by 1975-76 is assumed to be Rs. 564 in lieu of 
Rs. 540 given in the Plan frame. This slight upgrading of national income 
and investing targets in the Fifth Plan will almost exactly double the per 
capita income in 20 years, from Rs. 281 in 1955-56 to Rs. 5^ in 1975-76, and 
increase the national income from Rs. 108,000 million in 1955-56 to about 
Rs. 282,000 million at the end of the twenty-year period. The following 
table gives the synoptic view of the growth in income and population in 
the model under consideration;^® 


TABLE 2.3.1 

National Income op India, 1955-56—1975-76 
(At 1952-53 prices) 


First 

Second 

Third 

Fourth 

Fifth 

Plan 

Plan 

Plan 

Plan 

Plan 

19S1-S6 

1956-61 

1961-66 

1966-71 

,1971-76 

National income at 





the end of the period 
(Its. million) 108,000 

134,800 

172,600 

216,800 

282,000 

Population at the 



end of the period 
(Million) 384 

408 

434 

465 

500 

Per capita income at 




the end of the period 

201 

331 

396 

466 

564 
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2.4 It is now necessary to obtain sectoral breakdowns and to examine the 
variations in economic structure in the course of this development On the 
basis of likely shifts in occupational distribution and changes in productivity 
(as discussed earlier) a broad sub-division of national income into consti¬ 
tuent sectors has been made. The chief assumption has been that the agri¬ 
cultural labour force would come down to about 62 per cent of the total 
by 1975-78 and the rate of change of productivities in the various sectors 
would bear roughly tlie same relation to investment therein as it has been 
iissumed to have done during the first two plans. The situation as it is 
likely to develop over the next three plans until 1975-76 is summarized 
below: 


TABLE 2.4.1 

National Income of India by Sectors, 1950-51—1975-76 
(million rupees) 




1 ^ 
a p 




^1 

II 

(S «Q 


? 


SI 

i S q- 



n 


1950-51 

91,000 

44,500 

15,900 

16,500 

14,200 

253 

1955-56 

108,000 

52,300 

19,950 

18,750 

17,000 

281 

1960-61 

134,800 

61,700 

29,100 

23,000 

21,000 

33J 

1965-66 

172,600 

74,000 

42,500 

29,000 

27,100 

39C 

1970-71 

216,800 

88,000 

59,000 

35,400 

34,400 

46e 

1975-76 ‘ 

282,000 

106,000 

85,000 

46,000 

45,000 

56^ 


It will be seen that a doubling of per capita output involves more that 
quadrupling of the industrial ou^ut and more than doubling of the service! 
sector, while both the agricultural and transport sectors expand less thai 
the total national product. Consumption of energy in a^culture and send 
ces is extremely small not only in India but ako in more developed ooimtrlei 
in relation to the consumption in other sectors.*** The main energy-consum 
ing sectors are mining and manufocture, and transport, and the fact tha 
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their aggregate output Avill increase fourfold by 1975-76 is a major factw 
to be reckoned with in projecting energy demand. 

In addition to these sectors which contribute to the national income and 
can, therefore, be called ‘productive’ sectors, there is another sector, viz. 
the domestic sector wherein energy is simply consumed and does not have 
a ‘productive’ role. In India, almost two-thirds of the total energy consum¬ 
ption is in households,®® although the proportion is bound to decrease 
progressively with the relative rise in consumption in productive sectors. 
WTiatever the actual proportion of tliese constituents, it is clear that the 
energy pictiue is dominated by these three sectors, the contribution of the 
rest being only marginal and relatively insubstantial. 

2.5 Having established the outlines of the pattern of future economic 
growth, it is necessary to draw up the energy balance-sheet corresponding 
to the consuming sectors. Here, the concept of total energy, hitherto only 
an abstraction adopted for practical purposes, has to be more carefully 
defined. Energy comes from different sources, Ls transformed and consumed 
in different forms and is used for widely varying techno-economic purposes 
or aims, which present different basic characteristics. Yet it should be 
recalled that the diversity of sources of energy is of economic value since 
a country does not have to depend on a single source and may make better 
use of each. Whatever the forms of energy available, save for special cases 
which will be mentioned in due couse, they can all be used for the same 
economic purpose, that is to say, they are interchangeable. Therefore, 
whether the sources of energy are heterogeneous or not, the addition is not 
only possible but necessary in order to interpret developments within tlie 
energy sectoDand the relationships between the sector and general economic 
activity. 

'This relationship, it may be stated, is a dynamic one. Owing to constant 
technological innovations, the manner in which a particular form of energy 
is absorbed into the economy may change not only from one level of eco¬ 
nomy to another, but also within a given economic pattern from one sector 
to another. Even the so-called exclusive forms of energy are not really 
exclusive: even motor spirit in automobiles can be substituted by coal gas, 
though die efiSciency may have to be reduced in the process. The ultimate 
deciding factor is the cost of such a substitution to the society and the 
capacity of the society to bear it 

Because the process of absorption of energy by the economy is essen¬ 
tially a technical one, it fa desirable to distinguish between the different 
stages of this absorption process. In this study, the balance-sheet has been 
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drawn up in terms of (a) effective consumption, that is consumption at the 
place where it is actually consumed; (b) net consumption, that is, effective 
consumption plus consumption required to process and transport the energy 
to the place of actual consumption; and (c) gross consumption in¬ 
cluding losses. In addition to these, there is a fourth stage, viz. useful 
consumption, that is, energy usefully consumed after allowing for efEciency 
of utilization. It is, however, extremely difficult to get reliable data regard¬ 
ing efficiency of use in various processes, particularly so in India where 
almost tw'O-thirds of the total energy is in the form of vegetable fuels used 
in cnide apparatus varying in design and efficiency and from one place to 
another. The concept of ttseful consumption, therefore, has not been 
adopted for projection purposes in this study although reference has been 
made to it in individual cases where it is obligatory to take this into account 
for realistic demand estimates, (vide Tables I and II, pp. 127-136) 

2.6 Radical changes in the efficiency of use of energy can conceivably 
change the entire energy picture. In relating energy requirements to eco¬ 
nomic growth, it is, however, necessary to distinguish between technical 
efficiency of energy use and the non-teclmical efficiency in the economic 
processes of production and distribution. In under-developed countries, 
tljc former may register progressive increase with time if only because old 
plants are being gradually replaced by new, more efficient ones, but it is 
doubtful whether, in the initial years of industrial administration, there 
would be much scope for substantial efficiencies in non-technical fields. 
Because of tliis, the amount of energy per unit of income may not show 
much decline during the initial period of large-scale industrial expansion. 
Later, however, the position may be different and the rise in productivity 
may be relatively much more rapid than in countries with a longer and 
better established tradition of industrial economy. 

Studies have revealed that a substantial part of the additional energy 
requirements during the past decades in all parts of the world had been met 
by increased efficiencies due to technological improvements. In the United 
States, average efficiency has nearly tripled in fifty years, rising from about 
11 per cent in 1900 to about 30 in 1950.** In Great Britain, where per capita 
input appears to have remained stationary or has declined since 1883, per 
capita output has increased by nearly 300 per cent. Between 1920 and 1937, 
it is stated that the U.K. made savings by fuel economy to the extent of 50 
million tons of coal per annum; Switzerland had increased its efficiency of 
utilization by 25 per cent and France is producing a saving of 1 to 2 per 
cent per year in its energy input. Taking one or two specific industries for 
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which details are available in Great Britain, while total fuel requirements 
of the steel industry have increased by some 14 per cent between 1949 and 
1955, steel production has gone up by 33 per cent.®* Tlie fuel required to 
produce a ton of finished steel has been reduced from some 65 mvts in 1920 
to 34 cwts in 19K. In the steel industry, nearly three-quarters of the fuel 
consumed is in the form of coke for the production of pig iron in the blast 
furnaces. Here the coke plays a duel role, acting not only as a fuel but also, 
in combination with oxygen from the air, providing the carbon monoxide gas 
which reduces the iron ore to iron by chemical reaction. The coal equi¬ 
valent required to produce one ton of iron has been successively reduced 
from 44J* cwts in 1920 to 36J{ cwts in 1945 and 31 cwts in 1955.®* 

In India, there is tremendous scope for improvements in fuel utilization 
techniques. In the railways, the efficiency is of the order of 4 per cent,®* 
so that a 10 per cent increase in efficiency would result in a saving of more 
than one million tons of coal a year. With dieselization, the saving would 
be still more: in Mexico, for instance, the railways carried 15 per cent 
more traffic in 1950 than in 1945 with 5 per cent less fuel consumption.** 
The replacement of vegetable fuels in households by commercial fuels like 
soft coke would result in a net saving of 1.4 cwts of coal equivalent of 
energy per person per year. A survey conducted by NCAER revealed that 
the gross domestic heat required per household in Bombay was much less 
than that consumed by a household in rural areas owing to the fact that 
kerosene, a popular cooking fuel in Bombay, bums with an efficiency almost 
three times that of wood and more than four times that of dung.®* A large- 
scale substitution of wood and dung in households by coke or gas will cer¬ 
tainly a£Fect the overall gross energy requirements, to a much greater extent 
than the increase in efficiencies in industrial and transport sectors. 

These increases, it need not be mentioned, are not automatic: they entail 
considerable expenditure in capital equipment and maintenance. In India, 
where a good proportion of energy needs are met without any monetary 
capital investment,*® the saving in fuel through substitution will be an ex¬ 
pensive process and one that may come ateut as a result of deliberate 
policy rather than as a projection of past trends. Moreover, it has no 
tangible relation to economic growth and higher standards of Bving, for a 
commercial fuel is not necessarily superior to the non-commercial variety, 
merely because it bums more efficiently. The process of substitution would, 
however, appear to be an inexorable historical process,** and there is no 
doubt that it will manifest itself in India also, although the exact rate of 
replacement and ite effect on the energy pattern will remain a matter of 
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speculation and intelligent guess, rather than of rational, scientific estimation. 

2.7 Another important factor to be taken into account is the pronounced 
shift towards energy-intensive industries in the manufacturing sector that 
will come as a result of the broadening of the heavy industrial base in the 
next plans. For this reason, the industrial energy balance-sheet has been 
divided into four sub-sectors, viz. (a) metal, (b) non-metal, (c) textiles, 
and (d) rest. The metal and non-metal (mineral) processing industries are 
heavy consumers of energy or, rather, of industrial heat and account for 
almost 50 per cent of the net coal consumption. Generally, processes 
involving chemical reaction are bigger consumers of energy—mostly in the 
form of heat—than processes involving physical changes. More energy is 
required to produce one ton of iron or ingot steel than in rolling, planning, 
punching or fabricating the same weight of tlie metal for different purposes. 
The primary iron and steel and allied industries are, therefore, the pace¬ 
setters of energy growth, for an economy can absorb steel and other metal 
products without any appreciable shift in the energy balance if only a small 
amount of the metal is produced within the country. Indias production 
of steel is expected to increase almost twice as fast as^^ the rest of the 
indusStrial production and this will bring about a substantial change not 
only in the overall energy pattern but also in the pattern within the 
industrial sector itself. 

2.8 Having established the two balance sheets—national product and 
energy—and dwelt upon some of the more salient factors affecting the rela¬ 
tionship of one with the other, it is now possible to proceed to actual esti¬ 
mates of energy requirements on the basis of these postulates. It will be 
realized that the multiplicity of known and unknown factors affecting the 
inter-relationship and the fact that the future economic pattern is only broad¬ 
ly visible from this distance make it almost impossible to be very precise and 
firm about the final estimates. This study is more in the nature of an 
exercise in dimensional hypothesis or, at best, an evaluation of the various 
alternatives that might justifiably and, within the limits set by the problem 
itself, serve as solutions to the problem. 
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OVERALL ESTIMATE OF ENERGY 
CONSUMPTION 

3.1 Between 1950 and 1956, the unit total effective energy consumption 
per million rupees of national output has declined from 1.335 tons to 1.231 
tons of coal equivalent (tee),* while primary energy consumption during the 
same period has gone up from 0.340 to 0.^9 tee. This gives an elasticity 
for total energy of 0.605, that is, for a 10 per cent rise in national output, 
there is a 6 per cent rise in energy consumption. Using this correlation, 
the energy estimates would work out as under: 

TABLE 3.1.1 

Eitectxvk Bbtebgy Dosand (constant elabtzcxty), 1960-75 

(mice) 


Total effective 

Year ' energy 


1960 

151 

1965 

176 

1970 

204 

1975 

241 


3.2 For reasons referred to earlier, 0.6 is certainly the lower limit of 
elasticities for India under the present conditions, for with the increasing 
pace of industrial activity, the mdustrial constituent of the energy pattern 
is likely to increase much more rapidly than the domestic constituent. It has 
been pointed out earlier that for countries above a per capita income of about 
250 dollars per year, the elasticity is of the order of 1.2. It Ls, therefore, rea¬ 
sonable to assume that in India the operative elasticity will approach at least 
unity by 1975 (when the per capita income is Rs. 564). Assuming elasticities 
of 0.7, 0.8, 0.9 and 1.0 during the Second, Third, Fourth and Fifth Five 
Year Plans, the energy estimates would be as shown in Table 3.2.1. 

* For coefficient of energy conversion adopted in this study see p. 139. 


» 
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TABLE 8.2.1 

EfTicnvE Energy Demand (increasino elasticity), 1960-79 

(mtce) 



Total effective 

Year 

energy 

1960 

154 

1965 

188 

1970 

231 

1975 

800 


These are cfiFective energy figures, that is, they do not take into account 
the energy required for extraction, processing and transport to the point 
of consumption. The gross demand will naturally depend upon the size of 
tlie primary energy constituent of the total energy. Assuming that the 
ratio of primary to total will increase from the current 30 per cent to, say, 
75 per cent, as a first appro.\imation, and assuming that roughly 20 per 
cent of eocrgy is required to extract and transport it, the figures of gross 
consumption (including losses) would be as shown below: 

TABLE 3.2.2 


Effectwe AMD Gross Emeroy Demand, 1960-79 
(mtce) 


Year 

Effective 

energy 

GrosB 

energy 

1960 

154 

107 

1965 

188 

207 

1970 

231 

260 

1975 

300 

345 


3.3 Perhaps a slightly higher figure would be obtained by assuming that 
the input of energy per unit national output would remain constant over 
the next fifteen years. This is tantamount to assuming elasticity of uni^ 
throu^out the current and next three plans. In 1955, the net national out¬ 
put was Rs. 108,000 million and effective energy consumption 131.13 mtce, 
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giving an unit input of 1.215 tons per million rupees. The estimates for 
the next few decades would be: 


TABLE 3.3.1 

Effective ak» Gross Enbrcv Demand, 1955-75 
(mice) _ 


Year 

Effective 

energy 

Gross 

energy 

1955 

131 

139 

1960 

164 

177 

1065 

210 

231 

1070 

' 264 

296 

1975 

343 

394 


Tliis is roughly the basis on wliich the Natural Resources Division of die 
Planning Commission made an approximate assessment of energy needs 
over the next few years.*® The N.R. Division has not differentiated behveen 
effective and gross consumption, and has assumed equal elasticities for both 
with regard to national output. This is not strictly true as there is virtually 
no energy required to extract, process and transport non-commercial energy 
almost all of wliich is collected and consumed locally. Tlieir figures are 
as follows; 


TABLE 3.3.2 

Commercial and Non-commercial Energy Demand, 1056-73 

(mtee) 


Year 

1956 

1961 

1966 

1971 

1976 

Total energy consumed 

139.8 

177 

222 


352 

Less non-commercial energy 




100 

100 

Net commercial energy 

39.8 

77 

122 

180 

252 


These figures agree fairly closely with ours as the method adopted is 
almost identical although it gives lower figures towards the end of the period. 
The Division has ignored the increase in efiSdenc^ in tlie use of commerdal 
fuels as 'these will be ofEset by the increasing diange-over from non-com* 
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to commercial fuels’. Actually, as pointed out in 2.6, the change* 
over is likely to lead to higher efficiencies, not lower. The figures, therefore, 
can be said to be over-estimates rather than under-estimates for it is incon¬ 
ceivable, as the Division has assumed, that the quantum of secondary energy 
would continue to remain at the same level of 100 million tons over the 
next few decades. 

3.4 Perhaps the grossest over-estimate made in this connection is by the 
Committee on Requirements and Utilization of Fuel*^ which in its Preli¬ 
minary Report (July 1957) assessed the requirements of coal alone by 1975 
as 300 million tons, and total energy at 425 mtce. This is almost a hundred 
tons more than tlie estimate for 1975 in Table 3.1.1 and it would be inte¬ 
resting to know why this is so. The Committee states that 

“In assessing the future energy requirements we have analysed the 
forecasts on several and different bases, the results of which agree fairly 
closely. The target for the Second Five-Year Plan sets an annual increase 
of 5 per cent for tire net output and an approximate doubling of the indus¬ 
trial production, which amounts to 15 per cent annually compound. The 
industrial production has been rising at the rate of 7.5 per cent during 
the First Plan and will be doubled during the Second Plan period. Since 
the main load will be on commercial energy for increase in output, an 
increase of ten per cent per aimum (compound) may be considered as 
reasonable.” 

It is a pity that these assumptions are at variance with those enunciated 
in the Plan frame. During the Second Plan, the net output of mining and 
factory establishments is to go up from Rs. 935 million to Rs. 1530 milUon— 
an increa.se of less than 10.5 per cent annually compounded. During the 
First Flan, the index of industrial production rose from 100 to 133, a rate 
of increase of less than 6 per cent compounded annually, that is, about 20 
per cent less than the figure assumed in the Committee's report. It appears, 
therefore, that the Committee is far more optimistic about the nation’s 
economy than the planners themselves not only with regard to its perform¬ 
ance in the past but presrunably also in the future. The Committee, how¬ 
ever, goes on to say ^t 

“On the basis of 10 per cent compound increase over total commercial 
increase in 1955, the projected requirement for 1975 is aj^^roximately 296 
million tons of coal equivalent.” 
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If we add to this 55 million tons of domestic commercial energy which, 
according to the Committee, will be roughly the size of replacement in that 
year, the total commercial energy requirements will be 351 mtce. Total 
energy, both commercial and non-commercial, will be 396 million tons. 
This last figure, it will be seen, compares with 394 million tons of 
Table 3.3.1, altliough in deriving the latter it was stated that it was proba¬ 
bly an over-estimate. The Committee assumes that a 7.5 per cent rise in 
industrial production will correspond to a 10 per cent rise in commercial 
energy consumption, an assumption whose validity has yet to be tested. 
It is more likely that the elasticity of energy will be less than imity in this 
case, as the other consuming sectors like transport etc. will not expand at 
the same rate as industry. In any case, the figure of 396 million would 
appear to be more acceptable than 425, although it may be slightly on the 
higher side. 

3.5 It would be interesting, in tliis connection, to examine China’s per¬ 
formance in these matters.®* During their First Five Year Plan (1953-57), 
industrial output is reported to have increased from 27,000 million yuan to 
53,560 million yuan, an increase of 98.3 per cent corresponding to an 
average annual increase of 14.7 per cent. During this period, the output 
of coal which supplies almost the whole of China’s energy needs, reportedly 
increased from 63 million tons to 113 million tons, an increase of about 80 
per cent, tliat is less than the increase in industrial production. The increase 
in electrical capacity was 120 per cent. It may perhaps be mentioned here 
that the complement of heavy energy-intensive industries in tlieir Plan is 
far bigger than ours: of the total investment, 88.8 per cent went into indus¬ 
tries‘manufacturing means of production’, and only 11.2 per cent into 
consumer goods industries.*® It is because of this very low cxmiplement of 
consumer goods tliat tire elasticity of electricity to industrial index is as low 
as 1.2. In India, in common with most other countries with more balanced 
economies, the elasticity is 1.75.®* Although the Chinese experience may 
not be strictly comparable with ours, it is instructive to note that in China, 
despite their concentration on heavy industries, the rate of expansion of coal 
is about 20 per cent behind the general rate of industrial growth. In India, 
if anything, it should be lower than, not 33 per cent ahead of industrial 
index as assumed by the Committee. 

3.6 The estimates by different approaches have been summarized in 
Table 3.6.1, from which it will be clear that the first and the last approach 
yield results diat are somewhat extreme and have to be discarded in favour 
of the rmaining three: 
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TABLE 3.6.1 


Summary of Estimates of Energy Demand, 1060-75 


Approach 

1960 

1965 

1970 

1975 

Constant elasticity^ (0.6) 

151 

176 

204 

241 

Increasing elasticities** 

167 

207 

260 

345 

Constant elasticity*^ (1*0) 

177 

231 

296 

394 

Constant elasticity** (1.0) 

177 

222 

. 280 

352 

Elasticity of 1.33 with index of 
industrial production® 

177 

232.5 

320 

425 


•Net consumption. 

•> Gross consumption; elasticities of 0.7, 0.8, 0.9 and 1.0 In the Second, Third, 
Fourth and Fifth Plans respectively. 

* Gross consumption. 

•* Gross consumption; non-commercial energy assumed constant throughout the 
years 1961, 1966, 1971 and 1976. 

•Total energy; index of production increasing at 7.5 per cent compounded 
annually from 1955. 

3.7 From these aggregate elasticities, it is necessary to go further and 
calculate individual sectoral elasticities. We shall consider only those sec¬ 
tors which have an organic relationship with energy, that is, sectors in which 
the generation of income is dependent almost entirely on consumption of 
energy. The hvo such sectors are industry and transport, the volume of 
production in either being organically related to energy consumption. From 
tlie e.xtraction of ores to the manufacture of goods, energy, whether in crude 
animal form (including human energy) as in most under-developed coun¬ 
tries or in the more sophisticated forms of refined and controlled energy, is 
a necessary element in all processes although its incidence may vary accord¬ 
ing to the type of processes adopted and the level of productivity aimed at. 
The function of tlie energy in industrial processes may be chemical, as in 
smelting of ores, or purely physical, as in fabrication and rolling. In trans¬ 
port, it is patently physical, from the carrying of stones for building to 
launching satellites in the heavens. Neither in agriculture nor in services is 
the function of energy such a direct and absolute one. Although energy 
does play a part in agricultural productivity, albeit indirectly, duxiugh the 
use of energy-consuming artificial manures, irrigation, etc., there are so 
many factors involved in raising agricultural productivity tiiat it is doubtful 
whether energy can be singled out as the only really si^ificant one. It is 
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no wonder, therefore, that the direct consumption of energy in agriculture, 
even in countries that have attained a high level of productivity, remains a 
fraction of the total energy consumption. In services, the role of energy is 
both insignificant and intangible. Here too, for obvious reasons, the con¬ 
sumption of energy is generally insubstantial in comparison with other 
sectors. 

3.8 In industry, the patterns of consumption vary as between heavy, 
producer goods industries, and consumer goods like textiles. It is, tlierefore, 
necessary' to differentiate between the two right from the start so that the 
projections can be made on a firmer and more realistic basis. From Table 
2.4.1, it will be seen that the mining and manufacturing sector (wliich 
includes factory enterprises as well as small enterprises and construction) 
is to e.xpand faster than the national product, tire rate of expansion varying 
from plan to plan. The elasticities are 1.84, 1.62, 1.50 and 1.47 in the 
Second, Tlrird, Fourtli and Fifth Plans respectively. It is generally agreed 
that within the industrial sector itself, the heavy (capital) indirstries will 
grow faster than the consumer goods industries, and for the purposes of 
first approximation it has been assumed that the above elasticities will hold 
good as between heavy industries and the industries sector as a whole. Tliis 
means that the heavy industries will expand as rapidly in relation to otlier 
industries as the industries themselves with respect to the economy as a 
whole. On the basis of these assumptions, the following rough breakdown®® 
of industrial sector is obtained: 

TABLE 3.8.1 

Growth op Output in Industry, 1855-58—1975-76 
(million rupees) 


Total mining 


Year 

GNP 

and manu^ 
facturing 

Heavy in¬ 
dustries 

Re$t 

1955-56 - 


19,950 

1,350 


1960-61 

134,800 

29,100 



1965-66 

172,600 


4,360 


1970-71 

216,800 

59,000 

6,900 


1075-76 
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That these assumptions are fairly reasonable is borne out by the fact that 
the output of heavy industries in 1975-76 will be about five times that in 
1960-61, roughly the same ratio in which steel production is to grow, from 
about 6 million tons in 1961 to about 30 million tons in 1976. 

In transportation, it is not possible to attempt such a breakdown as 
the factors affecting individual sectors are far too many and complicated 
to be reduced to a simple matrix of elasticities. Tlie breakdown, therefore, 
will be effected at a later stage. Tlie individual elasticities of energy con¬ 
sumption with respect to GNP will be as follows: 

TABLE 3.B.2 

Relation between Energy Consumpixon and GKP by Sectors, 1955-.75 


Elasticities with respect to GNP 

Year ---- 

Heavy industry Light industry Transport 


lD5S-e0 

2.41 

1.73 

0.92 

1960-65 

2.64 

1.54 

0.90 

1965-70 

2.25 

1.49 

0.85 

1970-75 

2.16 

1.39 

1.00 


3.9 In 1955, tlie effective consumption under these tliree categories was 
Hea^’y Industry 7.454 mtee 

Light Industry 10.464 mice 

Transport 12.087 mtee 

Ignoring the effect of efficiencies for the present, we can assume elasticity 
of unity in each of the above sectors. Then, on the basis of figures in Table 
3.8.2, the consumption in the successive plan years would be as under: 

TABLE 3.9.1 

Energy CoNsvMpnoN in Industry and Transportaizon, 1959-75 

(mtee) 


Energy consumption 


M. CUT 



Heavy 

Light 

Transport 

Total 

1955 

7.45 

10.46 

12.09 

30.00 


13.75 

14.84 

14.88 

43.57 

1965 

24.00 

21.40 

18.70 

64.10 

1970 


29.60 

21.70 

89.30 

1975 


42.00 

28.40 

133.40 
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3.10 The third remaining important sector, which along with industry 
and transportation sectors accounted for over 97 per cent of the total effec¬ 
tive consumption in 1955, is the domestic one. Here, as incomes rise, 
per capita consumption for cooking, lighting and other household purposes 
is also expected to rise although the relative rate of expansion will be 
decidedly much lower. According to domestic fuel surveys^* conducted by 
the NCAER in Delhi, Bombay and Calcutta, the expenditure elasticity of 
total net energy consumption is between 0.20 and 0.23 at lower levels of 
income, and lower still at higher levels, although data regarding the latter 
is rather scanty and inconclusive. At higher levels, there is a considerable 
switchover to more expensive fuels such as kerosene and electricity. These 
elasticities arc for total energ)' only, the figures for individual energies, such 
as, electricity, for instance, being considerably different. For electricity, 
elasticity is of the order of 3.0, that is, for a ten per cent rise in household 
expenditure, there is a 30 per cent increase in gross consumption of elec¬ 
tricity. In Delhi, the actual figures of consumption and income are: 


TABLE 3.10.1 

CoNsuMPrraN op Gross Energy and Electricity by Expenditure Group in 
Households in Delhi City, 1953 

(thousand kcal) 


Expenditure 

group 

(Rs.) 

Total gross 
energy 

Electri¬ 

city 

101-200 

93.7 

1.4 

201-350 

97.2 

3.0 

351-600 

132.1 

15.7 

601-1000 

149.3 

20.5 

Above 1000 

193.0 

28.3 
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In England, too, the same type of variation was in evidence in 1949:** 

TABLE 3.10.2 

Expenditcrb on BLEcnaciry ano FmeLs by Income Group in Householos 

IN Enclanb, 1948-40 

(in £) 


Households 
with a weekly 
income 

Estimated expenditure 

Electricity 

All other fuels 

Under 3 

2.10 

12.50 

3-5 

3.55 

14.15 

5-10 

6.10 

16.40 

10-20 

8.30 


20 and over 

16.25 

19.15 


Households in the last category spent only half as mucli again on all other 
fuels as the poorest household with under £ 3 incomes, but tlieir expendi¬ 
ture on electricity was almost eight times that of the latter. In physical 
quantities, the difference must be much more marked, since in higher income 
brackets a good deal of the expenditure on electricity is on appliances using 
power at lower tariff rates. The elasticity is possibly of the order 2.5, if not 
more. 

Tliese domestic elasticity figures, particularly in the case of India, must 
be used with some reservation, for it is doubtful if they can be said to be 
universally valid. It is, however, obvious that as living standards rise, there 
must be a certain degree of increase in net energy inputs. Owing to tlie 
switchover to more expensive—and more efiBcient—fuels, the elasticity of 
gross consumption will naturally be lower than that of net consumption. 
It is difficult to be very precise about this, but it is fair to assume, considering 
all things, that the elasticity will be of the order of 0.10 to 0.15, say, 0.125. 
Although, strictly speaking, these are expenditure elasticities, we may 
assume that they would not differ veiy much from income elasticities. 

For the coun^ as a whole, the figure of 0.25 tee of gross consumption pm: 
capim can be accepted as a fairly accurate estimate. In Bombay, Calcutta 
and Delhi, it is of the order of 0.20 because of the hi^er proportion of 
commercial fuels. On the basis of income elasticity of 0.125, we have the 
following consumption estimates until 1975-76: 
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TABLE 3.10.3 


Estxmatss w Energy Demand xn Households, 1955-50—1975-76 


Year 

Per capita 
national 
income (Rs.) 

Per capita 
consumption 
(tee) 

Popu¬ 

lation 

(million) 

Total con¬ 
sumption 
(mtce) 

1955-56 

281 

0.250 

384 

96.0 

1960*61 

331 

0.256 

408 

104.5 

1965-66 

396 

0.262 

434 

114.0 

1970-71 

460 

0.268 

465 

129.0 

1975-76 

564 

0.275 

500 

137.5 


Adding the last columns in Tables 3.9.1 and 3.10.3, we have aggregate 
effective consumption in industry, transport and domestic sectors; 

table 3.10.4 

Estimate or Energy Consumption in Industry, Transportation 
AND Households, 1955-75 

(mtce) 


Year 

Consumption of 
energy 

1955 

126.0 

1960 

148.1 

1965 

178.1 

1970 

218.3 

1975 

270.9 


3.11 Consumption in the remaining sectors accounted for less than 3 
per cent of the total consumption in 1956, but the percentage has been 
steadily growing since 1^0. Projections under tUs category cannot 
be effected by correlating it with, say, national income, as Ae relation¬ 
ship may not be so direct and simple. One way of doing it would be to 
relate it to the rest of the consumption including domestic consumption, or 
to consumption in industry and transport only. Between 1950 and 1956, 
those respective percentages have be<m as indicated in Table 3.11.1. 
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TASLK 3.11.1 

Enebgy Consomption m Services as a Percentage of Total Consomutow 


Year 

Effective consump- 
tion as a percent¬ 
age of consump¬ 
tion in I -l-T+D* 

Effective consump¬ 
tion as a percent¬ 
age of consump¬ 
tion in I+T 

1D50 

1.50 

6.90 

1951 

1.58 

7.22 

1952 

1.80 

8.17 

1953 

1.54 

6.60 

1954 

2.28 

10.05 

1955 

2.39 

10.40 

1956 

2.64 

10.76 


• I =: Industry; T = Transport; D = Domestic. 

Barring one year, there is an unmistakable upward trend in relative 
consumption, although the rate of increase appears to be slackening ofiE 
somewhat, particularly in the second column. By projecting this rate (with 
a correction of 10 per cent every five years in the seeond column), we 
obtain: 


TABLE 3.11.2 

Estimate of Energy Consumption in Services, 1960-75 


Year 

A 

B 

1960 

3.82 

14.04 

1965 

6.15 

19.00 

1970 

9.80 

25.60 

1975 

15.80 

34.50 


Applying coefiScioits A and B to the figures in the last column of Tables 
3.10.4 and 3.9.1 respectively, we have: 
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TABLE 3.11.3 

Estimate or Effective Energy Consumphon 
IN Services, 1960-75 

(mtcc) 


‘Rest’ of the consumption 


I trur 

A 

D 

19G0 

5.65 

6.10 

1065 

10.95 

12.15 

1070 

21.40 

22.80 

1975 

42.80 

46.10 


Taking 6, 12, 22 and 45 as average approximations of these, and adding 
them to energy figures in Table 3.10.4, we have total effective consumption 
in all sectors as 154.2,190.2,190.1, 240.3 and 315.9 nitce in the years 1960, 
1965,1970 and 1975 respectively. 

3.12 To obtain net consumption figures, it is necessary to calculate the 
energy required for the extraction, processing and transport of energy for 
which an estimate of the likely proportion of primary energy has to be 
made. We have assumed (on the basis of an independent study made in 
another connection and to which reference is made later in this report) that 
the proportion of primary energy would increase to 40, 50, 60 and 75 per 
c«it in 1960, 1965,1970 and 1975 respectively, from roughly 30 per cent in 
1956. On this basis, the effective primary consumption would be 61.6, 95, 
144 and 237 mtee at tlie end of the successive plan periods. From 
available evidence, roughly 18-20 per cent of energy is required to make it 
available at the point of consumption in a readily usable form from the 
various points of supply, although there is no reason why tliis figure should 
not alter in the future, depending as it does on the degree of decentraliza¬ 
tion in the location of industries and the extent of shift from one fuel to 
another. Assuming a constant ratio of 20 per cent, this differential amount 
(rf energy would work out as 12.3, 19, 28.8 and 47.4 million tons respec¬ 
tively. Adding this to total dBFective consumption computed in para 3.11, 
we have total net consumption as given in Table 3.12.1. 
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TABLE 3-12.1 

Estimate or Total Net Eneroy Consumption, 1960-75 
(mice) 


Year 

Total net 
consumption 

mo 

166.4 

1965 

209.1 

1970 

269.1 

1975 

363.3 


This is as near as we can get to the problem from the national income 
approach. A comparison with Table 3.6.1 indicates that these estimates lie 
somewhere between approaches '2' and ‘3’, being slightly nearer to the 
increasing elasticities approach, which, it will be generally agreed, is a more 
realistic one. Although this is only a first approximation of the final esti¬ 
mates, it is useful as a fairly workable frame of reference and will be 
adopted as such in this study. A detailed summary by sectors and types of 
energy is tabulated in Table 3.12.2. 

TABLE 3.12.2 

Estimate or Total Energy Consumption by Sectors and Type of Energy, 

1955-75 

(mtee) 


Year 

Indus- 

trial 

energy 

Trans¬ 

port 

energy 

Domes^ 

pri¬ 

mary 

Domes¬ 

tic 

secon¬ 

dary 

Services 
& the 
rest 

Total 

effective 

energy 

1955 

17.91 

12.09 

4.3 

03.7 

3.1 

131.1 


28.69 

14.88 

12.0 

92.5 

6.0 

154.1 

1965 

45.40 

18.70 

18.9 

95.1 

12.0 

190.1 

1970 

67.60 

21.70 

32.7 

96.3 

22.0 

240.3 

1975 

105.00 

28.40 

58.5 

79.0 

45.0 

315.9 
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(TABLE 3.12.2 continued.) 





i 



isrri 

3 a 3 l-a. 


1955 

6.3 

137.4 

43.7 

93.7 

0.466 


1960 

12.3 

166.4 

73.0 

92.5 

0.8 

0.162 

1965 

19.0 

209.1 

114.0 

95.1 

1.2 

0.166 

1970 

28.8 

269.1 

172.8 

96.3 

1.8 

0.191 

1975 

47.4 

363.3 

284.3 

70.0 

3.6 

0.206 


The last two columns are interesting. They show that while the ratio of 
primary to secondary energy will go up sharply from about 0.5 to 3.6, the 
ratio of domestic primary to total will just al^ut double itself during this 
period. Within the domestic sector itself, however, although the amount of 
secondary energy would appear to be only slightly declining, it will have, in 
relative terms, come down from about 96 per cent in 1955 to 57.5 per cent 
in 1975. This is a substantial decrease illustrating the extent of commercial¬ 
ization of domestic energy likely to be attained in the coming years. 

3.13 It is now possible to proceed further and have a breakdown by 
type of energy. Of all the forms in which energy enters the productive eco¬ 
nomic processes, electricity is the most refined and one that has a close 
relationship with a particular sector of the economy, viz. industry. As high 
a percentage as 75 is consumed in industry which, as far as electricity is 
concerned, can therefore be said to be the pace-setter for general electricity 
consumption. It is also for this reason that electricity is commonly regarded 
as a more accurate index of industrial growth than total energy consump¬ 
tion. This aspect will be considered in the next section which deals mainly 
with efectridty projectioiis. 
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DEMAND FOR ELECTRICITY 

4.1 Elecb'icfty constitutes an advanced form of energy and its develop¬ 
ment has not only made it possible to take advantage much more intensely 
of some renewable sources like water, but it has also created a number of 
new uses for all kinds of energy in the production and social processes. 
Industrial development, mechanization and urban progress arc virtually a 
function of electricity supplies. Therefore, consumption of electricity is a 
very significant indicator, both as a means of appraising specific energy 
situations and the general economic state of countries. 

There are certain characteristics which distinguish electricity consump¬ 
tion from the general energy situation. While only about a third of the 
total net energy is consumed as a factor in production (mainly in the indus¬ 
trial and*transportation sectors) oyer three-quarters of the total electricity 
consumption is in the productive sectors, only a small proportion being 
consumed by households and other services. Actually, industry, as has been 
mentioned earlier, is the pace-setter in electricity production, the use of 
electricity in other sectors arising more or less as a by-product of the main 
use. Tire consumption of electricity is, for this reastm, a more significant 
index of industrial production rather than of per capita incomes, for, while 
modem industry is virtually impossible without electricity, it is possible to 
increase gro.ss national product, within reasonable limits, through other 
than industrial expansion. If per capita incomes are plotted against per 
capita consumption of electricity (Fig. 2), it will be found that countries 
with similar consiunption of total energy per unit of product have dissimilar 
unft consumption of electricity. Thus, while in the hi^er consumption 
group, U.K. requires about 1 k\Vh par 4olhur, Canada needs 2.3; among 
countries in the intermediate group, Deixmark requires 0.5 while Norway 
needs 5.9; among lower consumption groups, i^e vsoiatkm is equally 
marked. 

4.2 Demand for electricity not only tends to grow more rapidly than 
that of other types of energy but also at a much higher rate than the net 
national output. Tliis is because electricity with its high efiBciency of 
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rxeoRE 2 

Correlation between per capha Consumption of ELECTRicrry and Gross per 
CAPITA Prmuct, avbraoe — 1949>5l (Looarithmic scale) 

Y = Total per capita consumption of electricity (kWh) 

X == Gross per capita product (dollars at 1850 prices) 



X = Latin American couahdes 
* B Other countries 

Note: rdr order of oountcies see list foUowinx Ftfure 1. 
Source : Energy In Latin America, United Nations, 1897. 
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ii HlfaaHnn is constantly replacing other forms of energy as the main source 
of mechanical power. This means that there is a constant increase in con* 
sumption of electricity per unit of national product. In India, the number 
of kWh per rupee of net output has increased from 0.0766 in 1950 to 0.110 
in 1956. In other countries, Ae relative rate of growth can be judged from 
the fact that while GNP increases at the rate of about 3-4 per cait annually, 
electrid^ consumption usually doubles itself in about ten years.’^ 

This is reflected in the relationship between per capita incomes and per 
capita electricity consumption, which may be used as a 'first approximation' 
method for projecting demand in the future. The elasticity is about 1.7, 
that is, for a 10 per cent rise in per capita income there is a 17 per cent rise 
in per capita consumption. In 1955, effective per capita consumption was 
23.4 kWh which, on the above basis, can be expected to grow as follows: 

TABtC 4.2.1 

Estimate or Per Capita Consumption op Elbctricitt, 1958-75 


yeor 

Per capita 

income 

(Rs.) 

Per capita 
consumption 
(kWh) 

Population 

(million) 

Total effective 
consumption 
(million kWh) 

1955 

261 

23.4 

384 

8,959 

1960 

331 

30.5 

408 


1965 

396 

40.7 

434 

17,700 

1970 

466 

53.0 

465 


1975 

064 

72.0 

500 

36,000 


The figure of 1.7 is obviously low for Indian conditions as the relative 
growth of the electricity-intensive industrial sector within the economy in 
bdia is much faster than in more developed and mature economies. Be¬ 
tween 1950 and 1956, wl^ net per capita income increased by 15 per 
cent, par capita consumption of electricity rose through almost SO per emit, 
giving an elasticity of ateut 3.33, about twice as hi^ as in other countries. 
Assuming a progressively diminishing order of elasticities (to allow for die 
decelerating pace of development in the later stages the Plan},** we get 
the results as in Table 4.2.2. 
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TABLE 4.2.2 


EsTniATE or Per Capita CoNSUMPnoK op ELBCTRicmr 
(VARYINQ ELAsncims), 1955-75 


Year 

Per capita 
income 
(R«.) 

Elasti¬ 

city 

Per capita 
consumption 
(kWh) 

Popula- Total effective 
tion consumption 

(million) (milUon kWh) 

1955 

281 

2.25 

25.4 

384 

8,959 

1960 

331 

8.00 

38.9 

408 

15,900 

1966 

396 

2.50 

01.8 

484 

26.800 

1970 

466 

2.00 

89.0 

465 

41,400 

1975 

564 


126.0 

500 

63,000 


4.3 Anodier rough yardstick which is often used for measuring demand 
is based on assumptions relating to 'doubling periods'. During the Second 
Flan, the doubling period is expected to be five and a half years instead of 
the five years assumed during the formulation of the Plan.** During the 
Fifth Plan period, the doubling period may be expected to be reduced to 
ten years,** the period in between being six and eight years in the Third and 
Fourth Flans respectively. These correspond to ratios of growth of 13.4, 
12.3, 9.0 and 7.2 compounded annually during the Second, Third, Fourth 
and Fifth Plans respectively. On these assumptions adopted by the Natural 
Resources Division of the Planning Commission for its projections,** the 
following estimates of demand have been made. 

TABLE 4.S.1 


ESXIMATX or AcCBBOATB DBMAND rat ELBCmOTY (OODBLINO PBRIOD BASas), 

1956-61—1971-76 


Period 

Doublinff 

period 

(yean) 

Compounded 
annual rate 
of growth 
(per cent) 

Effective eon- 
eumption during 
the last year of 
the period 
(million kWh) 

1056-61 

5% 

13.4 

16,900 

1961-86 

6 

12.3 

30,400 

1966-71 

8 

9.0 

46,700 

1971^76 

10 

7.2 

66,500 






38 


DEMAND FOK. ENEBCY IN INDIA 


These differ only slighdy from those in Table 4.2.2 and may be assumed 
to be fairly reasonable, under the circumstances. Thdr . reliability can be 
tested through the syn^tic method, that is, by assessing individual sectoral 
requirements and summating them to obtain overall requirements. 

4.4 Since industry is the main consumer of electricity, the relationship 
between the index of industrial production and power generation can pro¬ 
vide a reasonable basis for assessing future power requirements. The indices 
are given in Table 4.4.1. 


TABLE 4.4.1 

Industrul Production and Effective Electricity Consumption, 1950-56 

(1951 = 100) 

Year Index of industrial Index of effective 

production consumption 


1950 

89.6 

87.5 

1951 

100.0 

100.0 

1952 

103.6 

106.8 

1953 

105.6 

117.2 

1954 

112.9 

128.0 

1955 

122.1 

143.4 

1956 

133.0 

158.5 


The correlation coefiBcient (0.99) is high not only for India but for almost 
all the countries (with very few exceptions) and suggests that the degree of 
precision in estimating power generation in terms of industrial production is 
high.^^ The elasticity is 1.77, and by adopting this, we obtain the following 
indices of effective consumption in relation to production indices.^* 


TABLE 4.4.2 

Estimate of Total Effective CX>nsumption of Electricity, 1955-75 


Year 

Index o1 indus¬ 
trial production 
(1951 = 100) 

Index of total 
effective 
consumption 
(1951 = 100) 

Total effective 
consumption 
(milUon kWh) 

1955 

122.1 

143.4 

8,959 

1060 

185.0 

273.0 

17,000 

1965 

285.0 

535.0 

33,800 

1970 

420.0 

985.0 

01,500 

1975 

610.0 

1J30.0 

108,000 
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These are higher than the corresponding results in Tables 4.2.2 and 
4.3.1 which means that the earlier assumptions as regards doubling periods 
etc. were somewhat conservative. A doubling period of ten years corres¬ 
ponds to an annual rate of industrial growth of about 4.25 per cent which 
is a normal rate for countries with highly developed industrial economies. 
According to our calculations, tlie rate of growth in India will be between 
8 and 9 per cent annually, that is, almost double the rate of growth corres¬ 
ponding to a ten-year doubh’ng period. It is, therefore, to be e-\pected that 
the doubling period in India will continue to be five years as long as the 
rate of industrial grovith is sustained at this high pace. The three results 
are summarized below: 


TABLE 4.4.3 

Summary of Estimates of Coi^umptton of Electricity, 1955-7S 
(million kWh) 


Approach- 

1955 

1960 

1965 

1970 

1975 

Deminishing 

elasticities 

9,000 

15,900 

26,800 

41,400 

03,000 

Increasing 
‘doubling’ period 

9,000 

16,900 

30,400 

46,700 

66.500 

Industrial index 

9,000 

17.000 

33,600 

61,500 

108,000 


4.5 It is now necessary to obtain broad sectoral breakdowns for as 
many sectors as possible, beginning, of course, widi the industrial sector. 
Tliere is, in this connection, one aspect to be noted: because electrical 
energy is used principally as a source of mechanical power, it is used rela¬ 
tively more in light industries than in heavy industries.^^ The coefiScient of 
electrification—that is the number of kWh per unit input of total energy 
—is thus higher in the lighter industries so tliat in projecting demand for 
electricity, the relative growth of these two sub-sectors within riie industry 
is a major factor to be reckoned with. The coefficients for the two types of 
industries are indicated in Table 4.5.1. 

In interpreting these results one must guard against the fact that while 
the statistics of electricity consumption are generally fairly accurate, the 
same ciumot be said of either coal or petrolemn consumption in industries 
in the estimation of whidr a good dead of guesswork is involved. None- 
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TABLB 4.5.1 

CocmcxBrr or EiLBCxuncAnoN w Imiwstrt, 1050-55 



1950 

1951 

1952 

1953 

1884 

1955 

1856 

Efitective coefiOdent 
(kWh/tce) 

Heavy industry (H) 

190 

219 

230 

253 

260 

288 

307 

Light industry (L) 

287 

334 

383 

357 

382 

409 

407 

L/H 

1.81 

1.83 

1.82 

1.41 

1.47 

1.42 

1.38 

Aggregate 

coefficient 

24? 

287 

308 

SIS 

S36 

360 

366 

Annual percentage 
increase 

16 

8 

1.8 


7 

7 

2 


tfaeless, it is clear that the ooe£5cient of electrification in light industries is 
about 30 to 50 per cent higher than in heavy industries. Secondly, the rate 
of increase would appear to be tapering off, although it would be difficult to 
quantify it precisely. 

4.6 From the available data of past few years, the elasticity between the 
index of industrial production and the index of industrial electricify con* 
siunption*^ is of the order of 1.80 and, on this basis, the following indices 
for the latter are obtained: 


TAOLB 4.6.1 

EsxnsATB or Ihbix or Imbustkial Eucnacrnr, 1955-75 


Year 

Index of industrial 
production 

Index of electricity 
in induMtry 

1955 

122 

100 

1960 

165 

198 

1968 

185 

880 

1970 

420 

700 

1975 

610 

1,280 


On the basis of these indiceSi the consumption in absolute values would 
work out as in Table 4.6.2. 
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TAifct 

or comraMraoN or EtBctncirr w iMBinnT, 1W9-75 
(million kWh) 


Year 

Effective consumption 
in industry 

1955 

6,449 

1960 

12,400 

1965 

24,500 

1970 

45,500 

1975 

82,500 


A breakdown as betwemi light and heavy industries is attempted later In 
Chapter VII. 

4.7 The next important item of consumption is in households. Total 
electricity consumed—both for lighting and fans, and domestic heat and 
power—has averaged about 10 per cent of the total effective power, the 
lighting complement increasing at the rate of almost exactly 50 per cent in 
five years (1951*56) and the rest doubling in five years. If these rates are 
maintained, the consumption would be as follows: 


TABLE 4.7.1 

EaiiMATE or Demand tor ELXCTarcnnr or Houeeholds, 1959>79 
(million kWb) 



1955 

1960 

1965 

1970 

1975 

Domestic lighting and fans 

693 

0 

1,040 

1,560 

2,340 

3,510 

Domestic heat and small power 

157 

314 

628 

1,256 

2,512 

Total 

850 

1,354 

2,188 

3,696 

6,022 


Information regarding electricity consumption (for domestic uses) in re* 
lation to par capita incomes is so fragmentary that it is doubtful whether 
it can be made use of in effecting reliable projections. The elasticity varies 
according to the income level, increasing sharply at lower levek and then 
undergoing gradual reduction, probably remaining more or less stationary 
at very high income levels near the point of saturation. In India, there is 
virtually no electricity in villages, only about 1.5 to 2 per cent of the total 
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having been electrified by 1955.** The number of units per head of urban 
populations^ have increased from 4.690 kWh in 1945 to 12.365 kWh in 
1956, and if this is correlated with per capita incomes, the regression equa¬ 
tion can be used to give figures of ibture consumption as shoAvn below: 

TABLE 4.7.2 


EsroiATB OF Demand for ELBCiKTCiry in Urban Households, 1955-75 



1955 

1960 

1965 

1970 

1975 

Per capita income (Rs.) 

281 

331 

396 

4G6 

562 

Per capita (urban) 
consumption (kWh) 

11.0 

16.0 

22.0 

30.0 

44.0 

Total urban population (million) 

73.2 

86.5 

106.0 

126.0 

148.0 

Total electricity consump¬ 
tion (million kWh) 

850 

1,384 

2,332 

3,780 

6,512 


These figures are slightly higher than those arrived at empirically in Table 
4.7.1 and are probably more representative of the actual trends. The 
figures refer to urban consumption only and cognizance has to be taken of 
the growth of electrification in rural areas which is insignificant at present, 
but is bound to be substantial in years to come. In 1960, about 3 per cent 
of the total rural population is to ^ supplied witl> electricity^* and there are 
indications that the percentage will be doubled every five years. Per capita 
consumption in villages wrill, however, be much lower than in urban areas, 
since per capita incomes in villages will be on an average about half of 
those in towns and cities.** According to Table 4.7.2, a doubling of per 
capita income results in quadrupling per capita electricity consumption: on 
the basis of this relationship, the consumption in rural areas would be as 
under: , 

table 4.7.3 

Estimate of Demand for ELScnacTry in Rural Households, 1955-75 



1955 

1960 

1965 

1970 

1975 

Electrified rural population 
(million) 

4.5 

9.6 

19.7 

40.7 

84.5 

Per capita consumption of 

electricity (kWh) 

3.0 

4.0 

5.5 

7.5 

11.0 

Total rural consumption 

(million kWh) 

13.5 

38.4 

108.5 

306.0 

929.5 
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Adding this to the last column in Table 4.7.2, we obtain total domestic 
electricity consumption as 1,422 (in 1960), 2,440 (1965), 4,086 (1970) and 
7,440 (1975) million kWh. 

4.8 The use of electricity in households is essentially a function of the 
degree of urbanization and so is its use in public services (for street lighting 
and in water works) and commercial services. It is, therefore, not at all 
surprising that there is a close correlation between consumption in house¬ 
holds and services as will be seen from the following: 

TABLE 4.8.1 


CORRELATIOK BETWEEN ELECTRiaiY CONSUMPTION IN HOUSEHOLDS 
AND Services, 1950-56 

(million kWh) 



1950 

1951 

1952 

1953 

1954 

1955 

1956 

Domestic (D) 

524 

595 

629 

690 

759 

850 

934 

Services (S) 

558 

611 

630 

661 

808 

905 

980 

S/D 

1.07 

1.03 

1.00 

0.96f 

1.06 

1.06 

1.05 


Moreover, the consumption in services would appear to be on an average 
about 5 per cent higher than in households, and on this basis, tlie future 
estimates of ‘services’ consumption can be worked out as under: 

TABLE 4.8.2 


Estimate of Consumption of Electricity in Services, 1955-75 
(million kWh) 

year 

* Services* consumption 

1955 

905 

1960 

1,450 

1965 

2,450 

1970 

3,970 

1975 

6,850 


4.9 The only two remaining items which together accounted for less 
thra 7 per cent of the total effective consumption in 1956 are traction and 
imgation. The percentage of electrical energy consumed under irrigation 
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(i.e. for pumping etc.) is, as a rule, and for obvious reasons, far bitter in 
regions served by hydro power (as in Madras) than in those drawing upon 
thermal electricity.^ (The coefficient of rural electrification is also very 
closely related to hydro power generation). With the increasing 
pace of hydro power development expected in the next few decades,*^ 
it can be assumed that the rate of growth of irrigation by electric 
pumps will also be stepped up and will, in any case, be faster than in the 
immediate past. Between 1951 and 1956, the consumption rose through 55 
per cent from 203 to 316 million kWh. Assuming a consecutive rate of 
increase of 100, 90, 80 and 70 per cent in the succeeding plan periods,'* we 
have: 

TABLC 4.S.1 

Esizmatb or DnsAiro roa Electricity tor lannATioir, 1955-75 
(million kWh) 


Year 

^Irrigations 

1955 

255 

1960 

510 

1963 

070 

1970 

1»750 

1975 

3,000 


4.10 In railway traction, electrification is one of at least two alternatives 
of speeding up traffic, and the choice will ultimately depend upon a number 
of factors including (1) the nature and density of developing traffic in 
various regions, (2) cost of fuels and (3) the relative capital costs of diesel- 
ization and electrification. From a long>term point of view, however, 
electrification would appear to be better suited to Indian conditions than 
dieselization as the country is more favourably situated with regard to low 
grade coal (which can be used with the maximum efficiency in thermo¬ 
electric stations) than to petroleum." The precise rate at which railway 
electrification will develop is difficult to forecast with any degree of accu¬ 
racy, for it is not directly related to the economy except at a micro level and 
any overall estimate can only be a matter of guesswork. It has been sug¬ 
gested by a Railway fuel committee" that at least 30 per cent of traction 
capacity would have to be electrified by 1975-76. Since the efficiency of a 
steam locomotive is of the order of 4.5 per cent and that of electric traction 
about 13 to 14 per cent, this means diat in terms of gross enei^, the ebm^ 
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requirements of electric traction will be about 10 per cent of the total. In 
1955, electric traction accounted for about 3.3 per cent of the total energy 
consumption by the railways. We can, therefore, visualize the future 
pattern of electric traction somewhat cn the following lines: 

TABLE 4.10.1 

Estimate op Demand for Electricity in Traction, 1955-75 



1955 

1960 

1965 

1970 

1975 

Total energy consumption 
by railways (mtce) 

12.35 

16.0 

22.0 

28.00 

35.0 

Proportion of ‘electric trac¬ 
tion’ energy (per cent) 

3.30 

5.0 

6.8 

8.40 

10.0 

Total ‘electric traction’ 
energy (mtce) 

0.42 

0.8 

1.5 

2.36 

3.5 

Total ‘electric traction’ 
(milUon kWh) 

515.00 

1,080.0 

2,180.0 

3,640.00 

5,850.0 


The figures in the first row will have to be confirmed through detailed 
studies®® before the figures in the last row can be accepted as final. They 
can, however, be accepted as approximate estimates for preparing an elec¬ 
tricity balance framework on the lines of total energy framework in Table 
3.12.2. The figures include consumption for carrying coal also and have 
to be reduced to ^effective* energy by applying an appropriate coefiBcient. 
At present, about a third of the traffic carried by the railways is coal and by 
1975 it is likely that coal will constitute at least one half of tlie total rail 
traffic, if not more.®® The 'efiFective* energy equivalent of electric traction 
will thus be: 

TABLE 4.10.2 

Estimatb of Demand for Effective Electrxcxtt in Traction, 1955-75 

(million kWh) 


Year 


Effective 
'electric traction* 


1955 

1950 

1955 

1970 

1975 


515 

920 

1,520 

2,250 

3^170 
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4.11 The sectoral breakdowns of eflFeclive electricity obtained in the 
foregoing paragraphs are tabulated below: 


TABLE 4.11.1 

Estimate of Demand for Electricity by Sectors, 1955-75 
(million kWh) 



1955 

1960 

1965 

1970 

1975 

Agriculture (irrigation) 

255 

510 

970 

1,750 

3,000 

Industry 

0,445 

12,400 

24,500 

45,500 

82,500 

Domestic 

Urban: Light & fans 

679 

1,062 

1,665 

2,460 

3,800 

Heat 

157 

322 

667 

1,320 

2,712 

Rural 

14 

38 

108 

306 

929 

Total Domestic 

850 

1,422 

2,440 

4,086 

7,441 

Services 

905 

1,450 

2,450 

3,970 

6,850 

Transport 

518 

920 

1,520 

2,250 

3,170 

Total effective electricity 

8,970 

16,702 

31,880 

57,556 

102,961 

Industrial index approach 

9,000 

17,000 

33,600 

61,500 

108,000 


The agreement between the last two rows is fairly close which indicates 
that the assumptions involved are substantially valid, and the results may, 
therefore, be considered reasonably accurate. To incorporate them in the 
total energy framework, it is necessary to convert them into coal equivalent. 
The conversion coefficient, a measure of the thermal efficiency of electricity 
generation, will naturally vary from year to year. The amount of coal utili¬ 
zed to produce 1,000 kWh of eleotridty has dropped from 0.915 tons in 
1950 to 0*785 tons in 1956 which corresponds to an efficiency increase of 
about 2 per cent annually.®^ In England, the consumption of coal per kWh 
fell from 2.5 lbs. to 1.5 lbs. between 1924 and 1937, and is currently at the 
level of about 1.24 lbs. This apparently slow rate of decrease during the 
last two decades is due to the fact that, althou^ absolute thermal effici¬ 
encies have been iiniformly improving (particular^ during the post-war 
years) the use of low grade coal in power stations hiu tended to step up 
the coal requirements by weight. A similar situation is also likely to deve¬ 
lop in this country ivith the result that the convemion coefficient may not 
drop at the same rate as in the past during the next two daendes. The 
following coefficients have been adopted in this study: 
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TABir 4.11.2 

Conversion CcomcxENTs for ELicTRicnT, 199S-7S 


Year 


tee per 1,000 kWh 

1955 


0.785 

1960 


0.740 

1965 


0.695 

1970 


0.650 

1975 


0.600 


The electricity balance-sheet (provisional) in terms of coal equivalent 
will thus be as follows: 


TABLE 4.11.3 

Balance-sheet of Demand for Electricity, 1955-75 
(thousand tee) 



1955 

199Q 

1965 

1970 

1975 

Agriculture 

200 

378 

674 

1,136 

1,800 

Industries 

5,000 

8,920 

17,000 

29,600 

49,500 

Domestic 

Lighting 

542 

815 

1.233 

1^800 

2,840 

Heat 

123 

238 

m 

857 

1,625 

Service 

607 

1,072 

1,700 

2,580 

4,110 

Transport 

405 

680 

1,055 

1,460 

1,900 

Total 

6,957 

12,103 

22,224 

87.433 

61,775 


These figures refer to eSective energy only aa4 tihe losses in processing 
and transmissioQ have to be taken into acoouQt.foc working out gross ei^gy 
consumption. But some more Infwmatioiii—net .coal output and petroleum 
refining capacities-is necessary b^e ^ eanbedone, and will tliCTeforo 
be taken up at a later stage. 

4,12 Having separated the eleobrid^ ooRq>lemm^ from total en«rgy, it 
is now possible to obtain a sectoral breakdoum of the remaining energy by 
deducting the figures In 'Table 4411.9 fww coisesponding ones in 
Table 3,12,2.' 
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TABtB 4.12.1 

Balance-shbet or Demand for non-eusctmcai. EimtCT, 1955*75 
(thousand tee) 



1955 

I960 

1965 

1970 

1975 

Industry 

Domestic 

12,830 

19,770 

28,400 

38,000 

55,500 

Primary 

3,635 

10,947 

17,107 

30,043 

54,035 

Secondary 

93,700 

92,500 

95,100 

00,300 

79,000 

Transport 

Services and 

11,085 

14,200 

17,645 

20,240 

26,500 

the rest* 

2,293 

4,550 

9,626 

18,284 

39,090 

Total 

124,143 

141,907 

167,878 

202,867 

254,125 

Total Primary 

30,443 

49,467 

72,778 

106,567 

175,125 


■ Including agriculture. 


These non-electridty requirements will be met from coal and petroleum, 
the coqtribution of each varying according to the sector in which they are 
used and the relative economic advantages of their utilization. In indusby 
and households, the requirements represent mostly heat since the power 
requirements in either of these sectors have been taken care of by electricity. 
In transportation, they represent mobile power through heat, that is, steam 
or diesel traction on the railways, and motive power for road transport, 
aviation and shipping. The difficulty in separating the two sources of 
energy, viz. coal and petroleum, stems from the fact that they are in many 
ways substitutible, and the factors which promote the use of one in pre* 
ference to another are so varied and at times so intangible that it is ah^t 
impossible to foresee them with a degree of clarity sufficiently adequate to 
enable one to assess their impact on ^e ener^ situation in precise, quanti* 
tative terms, bi households, for instance, heat for cooking and other house¬ 
hold purposes can be obtained either from coal or kerosene, and although 
price is one of die factors to be taken into consideration, it is not the (miy 
factor governing their relative consumption. One way of overcoming this 
difficulty is to isolate die areas of consumptima in which die two sources are 
not substitutible in practice (although in theory all fonns of oi^gy are, no 
doubt, ultimate^ interdiangeable). The use ^ kerosene for li ^itfog in 
villages is one such instance. In theory, it is possible to supply either eleo- 
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tricity (from thermal stations) or coal gas for the ligliting requirements of 
rural areas, but having decided upon certain targets of rural electrification, 
it is reasonable to assume that the non-electrified villages will, to a large 
extent, draw upon kerosene for their lighting needs. Similar assumptions, 
not all of which are as straightforward, can help in the unravelling of energy 
streams and in establishing individual projection estimates. These indi¬ 
vidual estimates by type of energy can then be aggregated to give total 
demand. Projections of energy demand by means of a selective analysis 
of individual energy-consuming sectors is a more accurate way of 
ascertaining the distribution of total energy consumption by types of fuel 
and of examining closely the possibilities of replacing one fuel by another 
(vide para 2.2). These results can then be compared with those obtained 
by the ‘overall’ method and, if necessary, suitably adjusted. 



CHAPTEB V 


ENERGY IN HOUSEHOLDS 

5.1 It will be seen from Tables 1 and II that the primary constituent of 
total energy consumed in households is extremely small and was as low as 
5 pel* cent in 1955. Of the total consumption of about 98 mtce, 2.4 mtce 
was used in lighting, and of the rest, only 2.2 mtce of domestic heat was 
derived from coal and petroleum products. The secondary constituent is 
made up of firewood, charcoal, dung and agricultural wastes and, until 
recently, their individual contributions were largely a matter of speculation. 
It has now been estimated^ ^ that the source of heat in households in 1956 
was as indicated in Table 5.1.1. It is generally realised that the current 
pattern of consumption is extremely wasteful and should be altered in the 
interests of national economy as the economic consequences of burning 
cow-dung and firewood are, and will continue to remain extremely serious. 
Tlie problem of substitution, however, is rather complicated by the multi¬ 
plicity of factors involved, and deserves a separate study. Some of the 
aspects of this problem and their bearing on individual fuel estimates are 
considered here. 


TABLE 5.1.1 

Source of Heat*^ in Households, 1955 
(mtce) 


Fuel 

Urban 

Rural 

Total 

Primary 




Coal 

2.0 


2.0 

Electricity 

0.2 


0.2 

Kerosene 

0.3 

. . 

0.3 

Secondary 




Dung 

4.0 

35.0 

39.0 

Firewood: Solid*> 

8.5 

23.5 

32.0 

Waste® 

5.0 

18.5 

23.5 

Total 

20.0 

77.0 

97.0 


• that is, excluding energy used in lighting, etc. 

^ including charcoal. ^ twigs, bagasse, etc. 

Source : Domestic Fuels in India, NCAER, 1959, p. 17. 


r>o 
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5.2 The use of kerosene for lighting is widespread in India, particularly 
in villages, its use as a domestic fuel for cooking being restricted largely to 
urban areas. This is, however, a very general statement and there are im¬ 
portant variations from the norm. From the NCAER fuel surveys and from 
other evidence, it appears that per capita consumption of kerosene in India 
is as indicated in Table 5.2.1: 


TABLE 5.2.1 

Consumption or Keboskns in Urban and Rural Households, 1958 

(IDs|month) 


Area Consumption per capita 


Delhi 

4.46 

Madras 

0.76 

Bombay 

5.26 

Calcutta 

1.20 

Towns above 50,000 
population 

1.16 

Towns with 15,000- 
50|000 population 

1.56 

Towns below 15,000 
population 

1.22 

Kural 

0.72 


The proportion of kerosene used for cooking varies from place to place, 
and is the highest in Bombay (90 per cent), followed by Delhi (73 per 
cent), Calcutta (50 per cent) and Madras (^ per cent). In small towns, 
the proportion is likely to be lower although no definite information is 
available on that point Assuming that it will go on decreasing with the 
si^ of the township, we may place it at 25,15 and 10 per cent for the three 
types of towns mentioned in the table. In rural areas, virtually all the 
kerosoie is used for lighting. On this basis, the proportion used for lighting 
vtrill be as shown jn Table 5.2.1$, 
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TABLE 5.2.2 

CONSOMPTION OP KraOSSNB FOR LiGHTINO IN URBAN AND RURAL HOUSEHOLDS, 1953 

(ltss|month) 


Area Consumption per capita 


Delhi 

0.124 

Madras 

0.507 

Bombay 

0.52^ 

Calcutta 

0.800 

Towns above 50,000 


population 

0.870 

Towns with 15,000- 


50,000 population 

1.330 

Towns below 15,000 


population 

1.110 

Rural 

0.720 


It will 1)0 seen that there is a sizable demand for kerosene for lighting 
even in urban areas including cities, and that in smaller towns it is gene¬ 
rally higher on a per capita basis than in villages. It must be emphasized 
that these are very rough estimates indicative more of the relative order of 
magnitudes than of actual consumption. For the purpose of this study, 
the following values of consumption have been adopted (1955): 


TABLE 5.2.3 

CottrauMPTioN OF Kerosene for Lighting and Heat in India, 1958 

(Ibsjmonth) 

Consumption per capita 

ATCU --- 

Lighting Heat 


0.35 

Nil 


Cities 


Towns 

Rural 


0.34 1 

y 0.78 
0.84 J 

0.58 
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It is reasonable to assume that the consumption per head will decrease in 
urban areas with increasing urbanization although perhaps there will still 
be peripheral urban communities relying upon kerosene for their lighting 
needs. As a rough conservative estimate we shall assume that there will 
be a 10 per cent fall in per capita consumption every five years, so that 
total urban requirements of kerosene for lighting will u’ork out as follows: 


TABLE 5.2.4 

EsmiATE OF Demand for Kerosene for Lighting in Urban .\reas, 1955-75 



1955 

1960 

1965 

1970 

1975 

Per capita consumption 
(Ibs/month) 

0.78 

0.702 

0.632 

0.569 

0.512 

Urban population 

(million) 

73,2 

8G.5 

106.0 

126.0 

148.0 

Total annual consump- 

tion (tons) 

306,000 

326,000 

360,000 

384,000 

405,000 


In rural areas, a similar estimate can be made on tlie assumption that 
consumption per head will increase by 10 per cent every five years. (It will 
be seen from Table 5.2.2 that the consumption in tov\’ns is alxiut 1.5 times 
that in villages.) 


TABLE 5.2.5 

Estimate of Dem.\nd for Kerosene for Lighting in non-electrified 



Rural arras^ 1955* 

-75 




1965 

1960 

1965 

1970 

1975 

Rural population 
(million) 

310.80 

321.50 

328.00 

339.00 

352.00 

Population served by 
electricity (million) 

4.50 

9.60 

■ 19.70 

40.70 

84.50 

Net rural population depending 
on kerosene (million) 306.30 

311.90 

308.00 

298.30 

267.50 

Per capita consumption 
of kerosene (Ibs/month) 

0.56 

0.62 

0.68 

0.75 

0.«2 

l^otal annual consumption 
of kerosene (tons) 

917,000 

1,039,000 

1,120,000 1,200,000 

1.175,000 
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In addition to this, we have to allow for the use of kerosene by the popu¬ 
lation in the second row where the consumption will be, on per capita basis, 
slightly less than the amounts assumed in the fourth row. 

TABLE 5.2.6 


Estimate or Demand for Ocbtinc in electrified RxntAL areas, 1955-75 


1955 

1960 

1965 

1970 

1975 

Population served by 
electricity (million) 4.50 

9.CO 

17.70 

40.70 

84.50 

Per capita consumption of 
kerosene (Ibs/month) 0.53 

0.55 

0.55 

0.60 

0.65 

Total annual 

consumption (tons) \3,200 

28,300 

58,000 

131,000 

295,000 


Adding up the total, we have: 

TABLE 5i2»7 

Estimate of Demand for Kerosene for Lightinc in 
Urban and Rural areas, 1955-75 

(tons) 

Consumption of kerosene 


Year 

for lighting 

1955 

1,286,200 

1960 

1,389,300 

1965 

1,538,000 

1970 

1,715,000 

1975 

1,875,000 


5.3 Estimates of demand of primary energy for domestic consumption 
(Nnde Table 3.12.2) were derived on the assumption that the proportion of 
primarj' enw^ would increase to 40, 50, 60 and 75 per cent of the total in 
1960, 1965,. 1970 and 1975 respectively from roughly 30 per cent in 1956. 
As far as 1^0 is concerned, this is clearly an over-estimate as it is most 
unlikely that the consumption of domestic primary energy would reach 12 
mtce by that year. A more modest aim would be to plan for the total 
replacement of secondary energy in urban areas by primary energy by 1975. 
The requirements of urban population will grow as given in Table 5.3.1.”* 
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TABLE 5.3.1 

Estimate of Demand for Energy m Urban Households, 1955-75 



Total urban 


per capita 

Total require^ 

Year 

population 


connumption 

vients 


(million) 


(tons) 

(mice) 

1955 

73.2 


0.250 

18.3 

1960 

86.5 


0.256 

22.1 

1965 

106.0 


0.262 

27.8 

1970 

126.0 


0.268 

33.7 

1975 

148.0 


0.275 

40.6 


These are gioss energy requirements for heat, i.e, excluding lighting. 
Deducting heat from electricity, net domestic heat (non-electric) require¬ 
ments would be as follows; 


TABLE 5.3.2 

Estimate of Demand for non-electric Heat in Urban Households, 1955-75 

(mice) 



1955 

1960 

1965 

1970 

1975 

Total requirements of do¬ 
mestic energy (heat) 

18.30 

22.10 

27.00 

33.70 

40.60 

Domestic heat from elec¬ 
tricity 

0.12 

0.24 

0.46 

0.86 

1.62 

Net domestic heat (non- 
clecti’ic) 

18.18 

21.86 

27.34 

32.84 

38.98 


In 1955 only 2.05 mtee of domestic heat were supplied by coal and 
petroleum, of which about 0.2 mtee were contributed by the latter. Tlie 
gap, therefore, is about 16 mtee winch was made up by the import of 
secondary fuels into the area. If we assume that by 1975 all the domestic 
heat requirements will be met by primary ener^’-. then tlie gap will pro¬ 
gressively close in the following manner: 



I9SS 


60 


65 


70 
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It will be seen that the gap will remain more or less constant at the 
present level until about 1965 when it will begin to decline. In 1953, con¬ 
sumption of kerosene used as domestic h^t was 0.35 pounds per month 
per head of urban population, total consumption being 200,000 tee per year. 
This, it Mill be seen, is about 6.4 per cent of the total primary heat, and if 
we assume this ratio to remain constant—although there are no valid 
grounds for this assumption—future demand would work out as follows: 

TABLE 5.3.3 

ZsiXMATE OP Demand for Kerosene for Domestic Heat 
1955-75—BAsas ‘A* 

(tee) 


Year 

Estimated consumption of 
kerosene (heat) 

1955 

200,000 

1960 

382,000 

1965 

764,000 

1970 

1,528,000 

1975 

2,300,000 


This is one way of estimating the demand. A great deal will depend on 
the nature and quality of primary fuels developed in the future for domestic 
use, for not all of them can be said to perfect substitutes for each other. 
Soft coke, for instance, is a poor substitute for kerosene, although, if the 
price is favourable it may be assumed to be interchangeable at par with 
the latter. As far as kerosene is concerned, available evidence indicates 
that its use as a source of domestic heat is as a rule more marked in middle- 
income group households where it is fast replacing charcoal and has always 
been preferred to soft coke. Coal gas, on the other hand, is preferred to 
kerosene, and so is LJPG (bottled refinery gas) despite its relatively 
high cost. We may, therefore, assume that (1) expansion of coal gas and 
LPC supplies will lead to a decline in demand for kerosene; and (2) 
expansion of soft coke supplies will not materially affect the demand for 
kerosene. It is, however, extremely difficult to quantify these assumptions 
as the necessai}' statistical information is just not available. 

Another approach would be to assume diat (1) as a result of the increase 
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in the-number of the middle-income group households and (2) an increase 
in their per capita kerosene consumption consequent on a rise in their 
living standards, the overall per capita consumption will double every five 
years as long as the gap remains constant and then decline by 25 per cent 
quinquennially. This assumption would lead to the following results: 

TABLE 5.3.4 

Estimat* of Demand fob Kerosene for Domestic Heat, 1955-75— basis ‘B’ 

(tee) 


Year 

Consumption 

1955 


1960 

473,000 

1065 

1,154,000 

1970 

1,030,000. 

1975 

906,000 


Tliis appears more realistic as there is no reason to suppose that tlie 
consumption will go on increasing for ever. A third method would be to 
assume, in conformity with past trends, that the consumption will double 
every five years until 1965 and then increase by 50 per cent until 1975, This 
will give the following estimates: 

TABLE 5.3.5 

Estimate of Demand for Kerosene for Domestic Heat, 1953-75— ^basis ‘C* 

(tee) 


Year 


Consumption 


195 ^ 

1960 

1965 

1970 

1975 


200,000 

400,000 

800,000 

1 , 200,000 

1,600,000 


This appeals to give figures half way between those derived earlier. The 
results are summarized in Table 5.3.6, the last column giving the average 
of all three: 
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TABLE 5.3.6 

Summary of Estimates or Demand por Kerosene for Domestic Hisat, 1955-75 

(tee) 


Year 


Consumption 


Mean 

Basis ’A’ 

Basis 'B* 

Basts ‘C 

1955 

200,000 

200,000 

200,000 

200,000 

1960 

382,000 

472,000 

400,000 

418,000 

1965 

764,000 

1,154,000 

800,000 

906,000 

1970 

1,528,000 

1,030,000 

1,200,000 

1,253,000 

1975 

2,300,000 

906,000 

1,800,000 

1,668,000 


No great degree of accuracy is claimed for these estimates. They indicate 
the order of magnitudes (and its range of variation) rather than absolute 
quantities. Total consumption, including lighting, will be as follows: 


TABLE 5.3.7 

Estimate of Demand for Kerosei^e ior Heat and Lighting 
IN Households, 1955-75 

(mtcc) 


Year 

Total consumption 

1955 

2.06 

1960 

2.50^ 

1965 

3.16 

1970 

3.82 

1975 

4.48 


5.4 Estimates of demand for all types of domestic energy can now be 
summarized as indicated in Table 5.4.1 and as illustrated in Fie. 3 and 
Fig. 4. 
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TABLE 5.4.1 

Estimate of Demand for Household Energy for Lichiino and 
Heat by type or Energy, 1955-75 

(mtce) 

Urban population 


Yaar 

Electricity 

Kerosene 

Coal 

Secondary 

Total 

Lighting 

Heat 

Lighting 

Heat 

1955 

0.533 

0.123 

0.46 

0.206 

1.844 

16.127 

19.293 

1960 

0.785 

0.238 

0.49 

0.42 

4.582 

16.86 

23.375 

1965 

1.158 

0.462 

0.54 

0.91 

9.088 

17.34 

29.498 

1970 

1.600 

0.857 

0.58 

1.25 

18.673 

12.84 

35.800 

1975 

2.280 

1.625 

0.61 

1.67 

37.305 

nil 

43.490 



1955 

0.011 

1.394 

77.29 

78.701 

4.569 

93.425 

97.994 

1960 

0.028 

,2.083 

80.40 

82.511 

8.626 

97.260 

105.886 

1965 

0.074 

2.307 

82.00 

84.381 

14.539 

99.340 

113.879 

1970 

0.193 

2.572 

84.75 

87.520 

25.730 

97.530 

123.320 

1975 

0.557 

2.862 

88.00 

91.419 

46.909 

88.000 

134.909 











CHAPTER VI* 


ENERGY IN TRANSPORTATION 

6.1 A major share of transport energ>' is at present taken up by railways 
which account for over 80 per cent of the total. This is obviously a result 
of the relatively slow growth of other forms of transport which between 
tliem (excluding animal transport) probably do not carry more than a very 
small proportion—estimated at about 8 million tons as against 140 million 
tons carried by the railways—of the total traflBc in the country. The heavily 
rail-oriented transport economy is, however, expected to undergo substan¬ 
tial structural changes in the future, with roadways opening up the country 
faster than in the past and carrying progressively larger proportions of the 
total traflSc.®® The railways wll still carry a fairly large share of the traffic, 
particularly of the long-distance heavy goods traffic, but its proportion will 
naturally decline and so will, in all probability, the proportion of its share 
of energy consumption. It would be interesting to examine in a general 
way the relationship between the rate of decline of the proportion of rail 
traffic (to total traffic) and the corresponding rate of fall in energy con¬ 
sumption, before going on to a detailed consideration of the problem. 

6.2 The pattern of coal consumption on the railways has not changed 
much over the last few years and is roughly as shown in Table 6.2,1 
for 1955-56.« 

Roughly, therefore, about three-quarters of the consumption is accounted 
for by the main traffic and the rest by overhead services. The total goods 
traffic was 114 million tons, distributed under different heads as indicated 
in Table 6.2.2. 

It will be seen that about 30 per cent of the rail traffic is coal of which 
over a third is meant for the consumption of the railways alone. Besides, 
railway stores account for about 9 per cent, so that the net external or non¬ 
railway traffic is about 80 per cent of the total. Now, if we distribute the 
overhead services* consumption over the goods and passenger traffic in the 
ratio of their individual consumption of coal, the unit consumption would 
work out at 63.6 tons of coal per 1,000 tons of goods traffic, or 450 pounds 
per 1,000 ton-miles. For passenger traffic, 131.5 tons of coal are required 
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TABLE 8.2.1 

Consumption ov Coal in Rajlways, 1065-58 
(million tons) 


Services Coal consumption Percentage 


Passengers and mixed 

3.81 

30.7 

Goods 

5.42 

44.0 

Total traffic 

9.23 

74.7 

Shunting including siding 

1.31 

10.6 

Locos on miscellaneous services 

0.23 

1.8 

Departmental 

0.42 

3.4 

Water pumping stations 

0.31 

2.5 

Electricity generating stations 

0.39 

3.3 

Miscellaneous 

0.45 

3.7 

Total services 

3.11 

25.3 

Grand Total 

12.34 

100.0 


TABLE 6.2.2 

Goods Traffic on Indian Railways, 

1955-56 

Traffic 

million tons 

Percentage 

Coal for the public 

22.3 

19.6 

Coal for railways 

12.3 

10.8 

Total coal 

34.6 

30.4 

Grains 

9.0 

7.9 

Oilseeds 

1.8 

1.6 

Other commodities 

58.3 

51.2 

Railway stores 

10.3 

8.9 

Total non<»coal 

79.4 

69.6 

Grand Total 

114.0 

100.0 
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for 1 million passenger-miles of traffic, or 295 pounds per 1,000 passenger- 
miles. 

By road, a petrol-driven truck with a pay load of 6 tons and a load 
factor of a will cany about 45 ton-miles of traffic per gallon of petrol, while 
a diesel-driven truck of the same capacity will cany about 60-65 ton-miles 
per gallon of diesel oil.*’^ Is terms of passenger-mile, the figures would be 
400 passenger-miles per gallon of petrol and 500 passenger-miles per gallon 
of diesel. This is equivalent to about 14,000 ton-miles and 1^,000 
passenger-miles per ton of petrol and 16,500 ton-miles and 130,000 
passenger-miles per ton of diesel respectively. On the other hand, a ton of 
coal on the railways will cany about 5,000 ton-miles of goods traffic or 
7,500 passenger-miles of passenger traffic. Allowing for the conversion 
coefficient this works out as follows: 


TABLE 6.2.3 

SPEcmc Consumption of Energy in Rail and Road Transportation 

(tee) 



Kail 

Koad 

Road 

Consumption per 

(steam) 

(petrol) 

(diesel) 

1,000 ton-miles 

0.20 


0.091 

10,000 passenger-miles 

1.33 


0.110 


The reason why steam-borne rail traffic is so energy-intensive in compari¬ 
son with either petrol or diesel-driven traffic is the abysmally low efficiency 
of steam traction, about 4 per cent.®® A doubling of overall efficiency (by 
the partial introduction of electrification or diesel traction) would bring 
the goods traffic very close to conditions of energy parity but would not. 
affect tbe passenger traffic parity to any appreciable extent. The table, how¬ 
ever, makes it clear that a shift from rail traffic to road, whether petrol or 
diesel-driven, or from steam traction to electric or diesel traction on the 
railways will ultimately result in saving of energy through relatively lower 
ener^ imputs per unit of traffic carried. A 10 per cent switchover from rail 
to road traffic (goods) udll be accompanied by a 5 per cent decline in 
energy consumption, and a similar shift in passenger traffic by a saving of 
about 9 per cent of total energy consumption. In view of the current trend 
away bom 'steam'rail tra&c, a considerable saving in transportatioa energy 
may be expected in hitwe. 
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6.3 Hie railway goods traffic falls roughly in two categories: industrial, 
and non-industrial (that is, mainly agricultural). It was found that the in¬ 
dustrial traffic is closely related to the index of industrial production,'* and 
the agricultural traffic to the total consumption of foodgrains in the coun¬ 
try." On this basis, the following projections of the two categories of traffic 
have been arrived at: 


TABLE 0.3.1 

Estimate of Goods Traffic by Rail, 1955-56—1975-76 


I IE 


(million tons) 


5 


Indtwtrial 
goods traffic 

I S' 
|e 

s* ^ 

1 

1 ! 

Agricultural [ 
goods traffic 

‘ ‘ 1 

Total goods 

1 traffic 

\ 

1 ! 
1 i 

1955-56 

122 

93 

81 

23 

116 

1960-61 

185 

140 

94 

27 

167 

1965-66 

265 

212 

105 

30 

242 

1970-71 

420 

312 

119 

34 

346 

1975-76 

610 

450 

134 

39 

489 


The last column gives the total volume of goods traffic which the rail¬ 
ways will be expected to carry if the current relationship between its capa¬ 
city and the traffic generated within the economy remains vmaltered over 
the next few decades. The railway capacity may expand faster than the rate 
of increase of traffic in the country in which case these figures will he im¬ 
proved upon; on the other hand, it may he unable to keep pace with die 
increasing tempo of industrial and agricultural growth in the country with 
the result that these figures may prove to be gross over-estimates. As a Srst 
approximation, it may be assumed that the present relationship will bold, 
and adjustments may be made later on when the picture of total long¬ 
distance traffic and the share of railways therein is a little clearer. 

6.4 The growth of passenger traffic is rather difficult to estimate. During 
the First Plan, the number of passengers actually declined from 1,279 to 
1,275 million, although since 1952-53, the trend would appear to be gene¬ 
rally positive." In terms of passenger-miles, fhere has h^ virtually no 
increase since the end of the war, and in 1955-56 the number of passenger- 
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miles registered was less than in 1945-46. There is no doubt, however, that 
there is considerable pressure on rail passenger traffic and that, if the con¬ 
straints were removed, it would probably register a steady growth in keep¬ 
ing with rising incomes and progress of urbanization. A precise relation¬ 
ship between the volume of passenger traffic and the various factors 
which influence its growth is difficult to establish, but it is assumed here 
that it will grow about half as fast as goods traffic: 


TABLK 6.4.1 

Estimate of Goods and Passenger Traffic by Rao. 
1955-56^1975-76 


Year 

Total goods 
traffic 

(million tons) 

Total passenger 
traffic 

(million passen¬ 
ger miles) 

1955-56 

116 

38.7 

1960-61 

167 

47.2 

1965-66 

242 

57.8 

1970-71 

346 


1975-76 

489 

84.5 


6.5 The average lead of goods traffic has been steadily increasing from 
about 260 miles in 1938-39 to 322 miles in 1956-57, an increase of a little 
over one per cent every year. With the diversification of economy and the 
general higher mobility of men and materials which it implies, this average 
lead may be ordinarily expected to increase; however, the fact that a good 
many of the basic industries will be located on a decentralized basis in the 
future may check this trend, if not actually reverse it. If we ignore the 
element of decentralization, the quinquennial increase in lead would be of 
the order 5-6 per cent. 

So far, we have not considered the effect of the fuel efficiencies on the 
imit energy requirements. The fuel efficioicies on Indian railways have been 
generally erratic, and for some types of traffic are today actually less than 
thirty years ago.” Over this thirty-year period, the efficiencies were at their 
lowest in 1947-48 and thereabouts, but have since been steadily increasing 
at a rate which has been placed at about 6.6 p^ cent in five years. With 
the growing reliance of the railways on low grade coal and for several other 
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reasons it is doubtful where this rate of improvement in efiBciencies can bo 
sustained over an extended period without a large-scale switchover from 
steam to either electric or diesel traction. In any case, the current rate of 
improvement is roughly of the order of the quinquennial increase in average 
lead referred to earlier and may be assumed to counter-balance the other. 
Considering all these factors, it would not be unreasonable to proceed on 
the basis of constant lead over the next few years. 

6.6 On this basis, the following estimates of energy requirements have 
been made: 


TABLE 6.6.1 

EsTxatATB or Demanb rcut Enbrgt roR hauuno Goods and Passenger Traffic 
BY Rail, 1955-56—1975-76 

(mtce) 


Year 

Goods traffic 

Passenger traffic 

Total 

1955-56 

7.35 

5.00 

12.35 

1960-61 

10.60 

6.12 

16.72 

1965-66 

15.40 

7.50 

22.90 

1970-71 

21.90 

9.05 

30.95 

1975-76 

31.00 

10.90 

41.90 


These would be the total requirements of coal if the whole of the traffic 
were carried by steam locomotives. However, the need to improve the over¬ 
all efficiency of the transportation system and to reduce the consumption of 
high grade coal (in steam locomotives) will necessarily bring about a shift 
from steam to more efficient modes of traction. The alternatives are: elec¬ 
trification and diesel traction. Electrification would appear to be more 
suitable for Indian conditions, and as far as it implies a shift from high 
grade to low grade coal, a move in the right direction. Diesel traction, on 
the other hand, may be an economic proposition only under specific condi¬ 
tions of traffic, for shunting services, for instance. Moreover, its use in 
railway traction will be decided by the prospects of its availability in 
future, especially as the roadways will have greater claim on it, considering 
that, it is, under the present tedmological conditions, probably the most 
efficient fuel available for the purpose. It appears, therefore, that while 
dieselization may be resorted to in the case of certain selected traction 
services, it may not replace more than a small fraction of the future rail 
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tractive capacity. Reference lias been made (vide para 4.10) to a sugges¬ 
tion by a railway fuel expert committee to electrify at least 30 per cent of 
the tractive capacity by 1975-76 and dieselize another 20 per cent or so. 
Sinc-e alxiut 10-12 per cent of the total energy' consumption by the railways 
is in shunting, it is obvious that the committee is thinking in terms of 
extending the use of diesel beyond shunting services. The ratio of thermal 
efficiencies of energy' use in steam locomotives and electric traction is of 
the order of 1 : 3, and that in steam locomotives and diesel traction about 
4.5 to 22, that is, 1 : 4.9.** In shunting ser\'ices, tlic overall efficiency of 
steam locomotives drops to aliout 3 per cent so that the above ratio under 
such conditions works out at about 1 : 7.5. Using these coefficients, and 
accepting the committee’s recommendations, the future pattern of railway 
fuel requirements can be visualized as follows;*® 

TABLE 6.6.2 

Demand for Coal, ELEcnaarr and Diesel ojj- in Railways, 1955-56—1975-76 


(1) Total consumption by 

1955-50 

1960-61 

1905-66 

1970-71 

1975-76 

railways (mtee) 

(2) Proportion of ‘electric 
traction* energy (per cent) 

12.35 

16.72 

22.90 

30.95 

41.90 

(allowing for efficiency) 

(3) Total ‘electric’ 

3.30 

5,00 

6.80 

8.40 

10.00 

energy (mtee) 

(4) ‘Shunting’ energy (mtee) 

0.41 

0.84 

1.56 

2.60 

.4.19 

(about 10.6 per cent) 

(5) Proportion of (4) converted 

1.31 

1.77 

2.44 

3.28 

4.44 

to diesel (per cent) 

(6) Diesel required for (5) 


10.00 

25.00 

50.00 

100.00 

(mtee) (1:7.5) 

(7) Proportion of (1) con¬ 


0.025 

0.08 

0.22 

0.59 

verted to diesel (per cent) 
(8) Diesel required for 


, a 

5.00 

8.00 

10.00 

(7) (mtee) (1:4.9) 

., 

, , 

0.23 

0.50 

0.85 

(9) Total diesel (6)+ (8) 

.. 

0.25 

0.31 

0.72 

1.44 

(10) Net coal 

11.12 

14.04 

16.56 

19.03 

20.70 


‘ negligible. 


It will be seen that by 1975-76 about half the total railway energy require¬ 
ments will be met by coal (by steam traction) and the rest by electricity 
and diesel. Despite the fact that about a fifth of the capacity is to be conver¬ 
ted to diesel traction, the quantity of diesel oil required is Im than a million 
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tons by 1975-76. Wliether the railways, that is, in the ultimate analysis, 
the national economy, will be able to put through a capital construction 
programme of a magnitude implied in the conversion of about 15 million 
tons of steam' to electricity and diesel traction has to be seen; it is, of course, 
assumed here that the railways will be able to manage it. 

6.7 A basic assumption underlying the projection of railway fuel re¬ 
quirements has been that the current relationship between the railway 
capacity and the total traflic generated within the economy remains more or 
less unaltered over the next few decades. It is, however, quite possible that 
the railway capacity may increase faster than the total traflBc, or slower, 
depending upon the nature of the traffic that is developed and the rate of 
growth of other modes of transport in relation to the railways. It is diffi¬ 
cult without detailed data to estimate the share of different modes of trans¬ 
port in the carriage of long distance traffic. The trend of industrial and 
agricultural development indicates that the production of tlie commodities 
listed in Table 6.7.1 would increase from about 165 million tons in 1955-56 
to about 750 million tons in 1975-76.’^^ 

TABLE 6.7.1 

Estimate of Production of Agrtculiural, Mineral and Industrial 
Commodities in India, 1955-56—1975-76 

(million tons) 


Commodities 

1955-56 

1960-61 

1965-66 

1970-71 

1975-76 

I. Agriculture 

Foodgrains 

65.0 

75.0 

84.0 

95.0 

107.0 

Other agricultural pro¬ 
ducts — 25 per cent of 
Foodgrains 

16.0 

19.0 

21.0 

24.0 

27.0 

Total 

81.0 

94.0 

105.0 

119.0 

134.0 

II. Industry 

Cement 

4.3 

13.0 

25.0 

35.0 

50.0 

Steel & pig iron 

2.9 

7.0 

13.5 

23.0 

33.5 

Salt 

3.7 

3.7 

5.0 

8.0 

12.0 

Fertilizers 

1,0 

4.0 

8.0 

13.0 

20.0 

Petroleum 

2.5 

4.0 

11.0 

16.0 

. 22.0 

Add 25 per cent for 
other industrial pro¬ 
ducts 

14.4“" 

31.7 

' '^ 62.5 

95.0. 

137^5 

3.6 

7.9 

15.6 

23.8 

34.4 

Total 

18.0 

39.6 

78.1 ' 

118.8 

171.9 



mmmmm wma- m 


[Contd, opp.] 
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III. Minerals 


Coal 

36.8 

60.0 

100.0* 

200.0* 

soo.o* 

Iron ore 

4.0 

12.0 

20.0 

35.0 

50.0 

Manganese ore 

1.3 

2.0 

2.5 

3.0 

3.3 

Limestone 

8.9 

13.5 

17.0 

24.0 

31.0 

Total 

51.0 

87.5 

139.5 

262.0 

384.5 

Total of I -f II -f III 
Miscellaneous items 

150.0 

221.1 

322.6 

469.8 

689.4 

not listed above — 
add 10 per cent 

15.0 

22.1 

32.3 

49.6 

68.9 

Total production 

165.0 

243.2 

354.9 

549.7 

758.4 


■ It will be seen later that this is an overestimate. 


Of this, between 70 and 80 per cent requires long distance haulage. In 
1955-56, when almost all the long distance traffic was carried by the rail¬ 
ways (due to restriction on long distance traffic by road upto 1956), tlie 
ratio was about 72 per cent. This may be expected to increase to about 
80 per cent or so by 1975, so tliat the total long ffistance traffic will work out 
as follo^vs: 

TABLE 6.7.2 


Estimate or Loxc-mstance Tbatfic vr Railways, 1933-56—1975-76 



1955-56 

1960-61 

1965-66 

1970-71 

1973-70 

Total production. 

(million tons) 

165.0 

243.0 

355.0 

550.0 

738.0 

Percentage of long- 

distance haulage 

72.0 

74.0 

76.0 

78.0 

80.0 

Total long-distance 

haulage (million tons) 

120.0 

180.0 

270.0 

430.0 

605.0 


In 1955-56 total railway traffic was 116 million tons, and the balance of 
4 million tons was carried by coastal shipping and inland water transport. 
It is estimated that the share of the latter in the next five-year plans will be 
7, 11, 16 and 22 million tons at the end of 1960-61, 1965-66, 1970-71 and 
1975-76, respectively.'^® Tlie balance, which will have to be carried by road, 
can be obtained by deducting the railway traffic estimates given in Table 
6.3.1 from the above. The share of eadi mode of transport will thus be: 
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TABLE 6.7.3 

Estimate of Rail, Road and Miscellaneous Trattic, 1955-56—197S-76 

(million tons) 



1655-56 

1960-61 

1965-66 

1970-71 

1675-76 

Hallways (Table 6.3.1) 

116 

167 

242 


489 

Coastal shipping & inland 
water transport 

4 

7 

11 

16 

22 

Hoad 

nil 

6 

17 

68 

94 

Total 

120 

180 

270 

430 

605 


It is obvious that tin’s approach has its limitations. Because the road 
ti'ailic is obtained by deducting the railway traffic from the total, a slight 
error in estimating total traffic can lead to a substantial margin of error in 
the assessment of the road traffic balance. This margin of error diminishes 
as tlie share of road traffic in the total goes on increasing, but even in 1975-76 
when it will be almost 15 per cent of the total, a 10 per cent error in the 
overall estimate will affect the road traffic estimate by ± 66 per cent. Another 
factor which effects the overall estimate (and, thus the road traffic balance) 
is the estimate of coal production itself which accounts for almost 50 per cent 
of the total traffic. It is, therefore, necessary to look into this question a little 
more carefully, particularly with regard to the prospects of growth of rail¬ 
way capacity over the next couple of decades. It is generally agreed that 
there has been a substantial expansion in railway capacity during the hvo 
plan periods and many sections have attained saturation level. Any inten¬ 
sified development hereafter will demand ino'ease of route mileages, doub¬ 
ling of lines, electrification, and dieselization of saturated sections. All 
tliese developments involve heavy capital outlay, and assuming that this 
will be in the same proportion as the increased total expenditure during the 
subsequent plans, the total long distance traffic expected to be carried out 
by railways by 1975-76 will not increase in the same proportion of the total 
traffic and may be about 400 million tons.^® This is almost 90 million tons 
short of the estimate given in Table 6.3.1. It is clear, therefore, that either 
the railways have to step up their investment in order to keep pace with the 
rising volume of traffic, or the excess traffic has to be passed on to other 
modes of transport. Taking all these factors into account, Table 6.7.3 can 
be re-written as Table 6.7.4. 
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TABLE 6.7.4 

Estimated Growth or Rail and Road Tratfic, 1953-56—1975-76 


(million tons) 



1955-56 

1960-61 

1965-66 

1970-71 

1975-76 

Railways*^ 

116 

163 

236 

313 

413 

Shipping and inland 

water transport 

4 

7 

11 

16 

22 

Road 

nil 

10 

23 

71 

165 

Total U’affic 

120 

180 

270 

400 

600 

Percentage of railway 

to total traffic 

96.5 

80.5 

87.5 

78.2 

69.5 

Percentage of road to 

total traffic 

nil 

5.5 

8.5 

17.7 

27.5 


* These figures are lower than those in Table 6.3.1 by about 10 per cent. In 
energy terms, the difference is not very large. 


According to a Road Development Plan prepared by the Chief Engineeis 
of State Governments, the volume of road traffic has been assessed as 12, 60, 
118 and 184 million tons in 1960-61, 1965-66, 1970-71 and 1975-76 respecti¬ 
vely. These estimates, which have been arrived at on almost exactly die 
the same basis as adopted above, would appear to be somewhat inconsistent, 
nt least as far as quinquennial growUi rates are concerned. A five-fold 
increase over 1960-65 is reduced sharply to an increase of less than 100 per 
cent in the following five-year period, which appears unlikely and unexpli- 
cably discordant with the generally uniform rate of growth of other modes 
of transport during these periods. This inconsistency is inherent in the 
mediod of estimation, as explained above. In this study, the estimates given 
in Tabic 6.7.4 have been used for energy projections, as they are relatively 
more consistent than other estimates and would appear to be reasonably 
accurate. 

6.8 Besides long distance traffic, roadways have to carry the feeder as 
well as local (short distance) traffic. Tliese are difficult to estimate, but 
assuming 100 per cent of iron ore and 80 per cent of coal to be traffic suited 
for railways only,^* the remainder may be assumed to require feeder trans¬ 
port. Some feeder traffic is also handled by bullock carts. In 1950-51, 
^,500 ti'ucks^’^ (that is, total number of trucks registered) were engaged in 
feeder transport, and on tlie basis of these actual figiures, the number of 
trucks required in future can be estimated as given in Table 6.8.1. 
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TABLE 6.8.1 

Estimate of Trucks required for Feeder Traffic on Roads, 1950*51—1975-76 

(million tons) 


Year 

Estimated long 
distance traffic 

Traffic not 
requiring 
feeder trans¬ 
port 

sr ^ 

*3* 

ft 

ft 

ft 

a 

Number of 

trucks 

required 

1030-51 

93 

30 

63 

83,500 

1955-56 

120 

33 

87 

115,000 

1960-61 

180 

60 

120 

159,000 

1965-66 

270 

100 

170 

226,000 

1970-71 

400 

171 

229 

305,000 

1975-76 

600 

290 

310 

412,000 


The number of trucks required for local traffic is estimated in Table 6.8.2; 


TABLE 6.8.2 

Estimate of Trucks required for Local Trafitc on Roads, 1960-Cl—1975-76 

(million tons) 


Year 


long 

distance 

traffic 

Total 

Local 

traffic 

Local 
traffic for 
bullock carts^ 

Local 
traffic for 
trucks 

Number of 

trucks*^ 

required 

1960-61 

243 

180 


63 

63 

nil 

nil 

1965-68 

355 

270 


83 

74 

11 

14,600 

1970-71 

512» 

400 


112 

78 

34 

45,200 

1975-76 

750® 

600 


150 

94 

56 

74,200 


•Revised in conformity with Table 6.7.4. 

» 70 per cent of agricultural traffic (see Table 6.7.1) is expected to be handled 
by bullock carts. 

• Calculated on the same basis as in Table 6.8.1. 

The number of trueb required for long distance traflSc can also be 
estimated as shown in Table 6.8.3. 
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TABLE 6.8.3 

Estimate of Trucks required fckr Long-distance Tratfic on Roads 

1960-Gl—1975-76 


Year 

Total long dis¬ 
tance road traffic^ 

Million ton- 
miles^ 

Number of trucks 
required^ 

1960-61 

10 

3,000 

21,400 

1965-66 

23 

7.000 

50,000 

1970-71 

71 

21,000 

150,000 

1975-76 

165 

50,000 

357,000 


■From Table 6.7.4. 

Average lead = 300 miles (rounded figures), 

® A 6-ton truck with a load factor of 2/3 and an average annual run of 33,000 
miles handles 140,000 ton-miles of traffic per annum. This is the net number 
of trucks required on road (without provision for spares etc.). 

Combining the figures in tlie last tliree tables, the total number of trucks 
required would be as follows: 


TABLE 6.8.4 

Estimate of Trucks required for Long-distance, Feeder and Local Traffic 

ON Roads, 1955-56—1975-76 

(thousands) 


Year 

Long-distance 

traffic 

Feeder 

traffic 

Local 

traffic 

^ Total 

1955-56 

nil 

115.0 

nil 

115.0 

1960-61 

21.4 

159.0 

nil 

180.4 

1965-66 

50.0 

226.0 

14.6 

290.6 

1970-71 

150.0 

305.0 

45.2 

500.2 

1975-76 

357.0 

412.0 

74.2 

843.2 


It is necessary to break (his down further into diesel and petrol driven 
trucks. In 1955-56, of the total number of 115,000 trucks, only 13,OCX) were 
diesel trucks, but the proportion has been increasing rapidly since then and 
there is evidence to indicate that the number may amount to 35-40 thousands 
by 1960-61.*^^ It may be assumed that the whole of long distance traffic will 
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be carried by diesel vehicles in future, the entire local trafiBc by petrol 
vehicles, and the feeder trafiBc by a combined fleet of diesel and petrol 
vehicles, the proportion of diesel increasing from about 10 per cent in 
1955-56 to 15, 20, 25 and 30 per cent in the subsequent plan periods. On 
this basis, the breakdown will be as follows; 

TABLE 6.8.5 

Estimate or Petrol and Diesel Trucks, 1960-61—1975-76 
(thousands) 


Year 

Diesel 

trucks 

Petrol 

trucks 

Total 


45.4 

135.0 

180.4 



195.6 

290.6 

1970-71 

226.0 

274.2 


1975-76 

480.6 

362.6 

843.2 


6.9 Trucks account for a major share of the total petroleum consump¬ 
tion on tlie road, and the percentage is expected to increase progressively as 
industrial expansion gathers momentum. It is, however, necessary to make 
an independent estimate of the consumption by passenger cars and buses, 
although, owing to the general paucity of reliable data witli regard to 
passenger trafiBc on roads, such an estimate can be at best an intelligent 
guess. Correlating the number of private motor cars and taxis with per 
capita income and assuming that, of tlie total quinquennial increase in pas¬ 
senger trafiBc, the balance not carried by railways (vide Table 6.4.1) will 
have to be handled by road transport, an estimate of passenger buses and 
motor cars can be made as follows: 

table 6.9.1 

Estimate or Passenger Buses and Motor Cars, 1980-61—1975-76 

(thousands) 


Year 

Passenger buses 

Motor cars & taxis 

1060-61 

79 


1965-66 

115 


1970-71 

151 

459 

1975-78 

187 

593 
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In addition, there xvill be a small proportion of miscellaneous vehicles 
whose consumption can be accounted for by adding a small percentage to 
the total consumption (vide Table 6.10.4). 

6.10 It is now possible to calculate the consumption of these vehicles 
on tlic assumption that a motor car (or taxi) will consume annually 250 
gallons of petrol, a petrol bus 2,000 gallons, a diesel bus 2,500 gallons, a 
petrol truck 1,500 gallons and a diesel truck 2,500 gallons. The estimates 
for motor spirit are given in Table 6.10.1 and for HSD (High Speed 
Diesel) in Table 6.10.2: 

TABLE 6.10.1 

Estimate or Demand fob Petrol for Passenger and Goods Traffic 
ON Roads, 1930-51—1975-76 

(million gallons) 


Year 

Motor cars 

& taxis Buses Trucks 

Total 

Total in 
million tons 

1950-51 

39.75 66.00 123.00 

228.75 

0.736 

1955-56 

49.75 60.00 153.00 

262.75 

0.845 

1960-61 

65.75 80.00 202.00 

347.75 

1.120 

1965-66 

88,23 98.00 275.00 

461.25 

1.490 

1970-71 

114.75 106.00 386.00 

606.75 

1.960 

1975-76 

148.25 112.00 512.00 

772.25 



TABLE 6.10.2 



Estimate of Di::vrAXD for Diesel oil for Passencjer and Goods TRArric 

ON Roads, 1950-51—^^1975-76 


(million gallons) 



Year 

Bttses Trucks 

Total ill 

Total million tons 

1950-51 

7.50 2.00 

9.50 

0.036 

1955-56 

32.50 26.00 

58.50 

0.220 

1960-61 

97.50 113.00 

210.50 

0.795 

1965-66 

165.00 237.50 

402.50 

1.520 

1970-71 

243.00 562.00 

807.00 

3.050 

1975-76 

327.50 1200.00 

1527.50 

5.780 
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The estimates given in the “Road Development Plan” are given in column 
2 of Table 6.10.3. The NCAER estimates are on an average between 
2 and 20 per cent lower than the RDP estimates. Considering the number 
of factors involved at each stage of estimation and the margin of error to 
which it is subject, the results can be said to be generally satisfactory. 
Adding 10 per cent to allow for miscellaneous consumption, the final esti¬ 
mates of petrol and HSD consumption (Fig. 5) would be as shown in Table 
6.10.4. The relative rates of growth of energy in rail and road transportation 
are illustrated in Fig. 6. 

TABLE 6.10.3 

Estimates of Demand tor Petroleium, 1960-61—1975-76 
(million gallons) 


Year 

NCAER estimate 

RDP estimate 

1960-61 

&58.25 

620.2 

1965-66 

863.73 

1,036.2 

1970-71 

1,413.75 

1,620.7 

1975-76 

2,299.75 

2,337.7 


TABLE 6.10.4 


£siimatb 9 or Demand for Petroil and Dzesel oil, 

(million tons) 

1960-61—1975-7e 

Year 

Petrol 

HSD 

Total 

Total coal 

1960-61 

1.232 

0.874 

2.106 

3.15 

1965-66 

1.640 

1.672 

3.312 

4.95 

1970-71 

2.156 

3.355 

5.511 

8.25 

' 1975-76 

2.750 

6.358 

9.108 

13.60 


6.11 The consumption of aviation spirit increased by two-thirds during 
die First Plan and the same rate of growth can be assumed for future plans.'^^ 
In shipping, the increase was 50 per cent; the future rates of growth will 
probably conform to the traflBc growths envisaged in Table 6.7.4. The 
consumption of petroleum under the two modes of trafiBc is estimated as 
given in Table 6.11.1. 
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TABLE 6.11.1 

Estimates of Demand for Petroleum in Aviation and Sniffing, 
1&60-61—1975-76 

(thousand tee) 


Year 

Air transport 

Shipping 

Total 

1960-61 

280 



1965-66 

460 



1970-71 

750 

225 

975 

1975-76 

1,200 


1,540 


This completes the estimates of energy requirements of the transport 
sector (vide Fig. 7). 


FIGURE 7 

Demand for Energy in Rail Transportation, 1955-56 vo 1975-76 





CHAPTER VII 


ENERGY IN INDUSTRY 

7.1 An approximate idea of the energy requirements of industry were 
given in Table 3.9.1. This was based on a rough breakdown of the mining 
and manufacturing sector into heavy and light industries and certain 
assumptions regarding individual elasticities of energy consumption in these 
sub-sectors. For a more detailed estimate, it is necessary to obtain a break¬ 
up of the mining and manufacturing sectors into its various components, 
each of which has its distinctive pattern of energy consumption. According 
to the Planning Commission s estimates of sectoral outputs in the first two 
plans/® the position within the industrial sector is as follows: 

TABLE 7.1.1 


Value op Industrial Output, 1950-51—1960-61 
(Hs. million at 1952-53 prices) 




1950-51 

1955-56 

1960-61 

1. 

Mining 

800 

950 

1,500 

2. 

Factory 

establishments 

5,900 

8,400 

13,800 

3. 

Small enterprises 

7,400 

8,400 

10,850 

4. 

Construction 

1,800 

2,200 

2,950 


Total Output 

15,900 

19,950 

29,100 


Of the total mining output, about 50-55 per cent is accounted for by 
coaP® and this will be considered later imder processing of energy. Of the 
rest, only gold and copper mining involve any energy use and they account 
for less than 10 per cent of the total output. Adding this to item 2, the out¬ 
put under factoiy establishments becomes Rs. 5,980, Rs. 8,495 and Rs. 
13,950 million respectively. Item 3, small enterprises, is in the main a 
consumer of electricity, and the last item is generally non-energy consum- 
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ing except for large-scale construction projects which consume mainly 
petroleum products. The principal Ofiergy consuming block is formed by 
the factory establishments and it is necessary to anticipate its growth in 
relation to the total industrial output as given in Table 2.4.1. 

The ratio of outputs in factory establishments to small enterprises went 
up from 44.5 : 55.5 in 1950-51 to 50 : 50 in 1955-56 and is expected to rise 
further to 56 : 44 in 1960-61.*® The percentage of construction to total in¬ 
dustrial output has been gradually falling from 11.3 per cent in 1950-51 tto 
11.0 per cent in 1955-56 and will fall further to 10.1 per cent by the end 
of the Second Plan. On the basis of these trends and c*ertain other assump¬ 
tions it is possible to project the individual outputs until 1975-76 as shown 
in Table 7.1.2. 


TABLE 7.1.2 

Estimate of Gkowth of Output in Industry, 1960-&1—197S-76 
(Rs. million at 1952-53 prices) 



1960-61 

1965-69 

1970-71 

1975-76 

Mining 

1,500 

2,500 

4,400 

7,500 

Factory 

establishments 

13,800 

22,600 

34,750 

44,200 

Small 

enterprises 

10,850 

13,475 

15,130 

16,350 

Construction 

2,950 

3,825 

4,720 

5,950 


7.2 Since the patterns of energy consumption witbin the factory esta¬ 
blishments themselves vary as between diflFerent kinds of industries, this 
^in manufacturing block can be further sub-divided into heavy and light 
industries.®® In 1955-56, the output under “heavy' was Rs. 1,350 million of 
which Rs. 260 million was accounted for by iron and steel alone. By 1960- 
61, the latter is expected to increase its production from 1.7 to 6 million 
tons of crude steel, the subsequent production targets being (provisionally) 
11,17 and 25 million tons by 1965, 1970 and 1975 respectively.®^ The non¬ 
steel heavy industries will also generally keep pace with steel expansion. 
On this basis, the outputs (by value) under 'heavy' mmiufacturing will work 
out as indicated in Table 7.2.1, 
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TABLE 7.2.1 

Estimate of Ootpct in Heavy Industries 
(Rs. million) 



1955-56 

1960-61 

1965-66 

1970-71 

1975-76 

Iron and steel 

260 

920 

1,530 

2,600 

3,820 

Rest ‘heavy* 

1,090 

3,000 

5,500 

9,000 

13,000 

Total ‘heavy* 

1,.750 

3,920 

7,030 

11,600 

16,820 

Rest ‘factory’ 

7,050 

9,880 

15,570 

23,150 

37,28033 


7.3 In 1935, the base year for the.sc calculations, energy consumption 
in these groups was 3.82, 3.60, 7.42 and 10.26 mtcc respectively. Without 
allowing for the imjirovement in efficiency of utilization, the energy require¬ 
ments during the next tw'o decades will be (on the basis of Table 7.2.1) 
as follows: 


TABLE 7.3.1 

EIsttmate of Demand for Energy in Industry, 1955-56—1975-76 

(mice) 



1955-5C 

1960-61 

1965-66 

1970-71 

1975-76 

Iron and steel 

3.82 

13.60 

22.50 

38.2 

56.2 

Rest ‘heavy* 

3.60 

9.90 

18.20 

29,7 

42.8 

Total ‘heavy’ 

7.42 

23.50 

41.70 

67.9 

99.0 

Textiles 

3.95 

4.94 

6.17 

7.7 

9.6 

Rest ‘light’* 

6.30 

9.15 

15.30 

23.7 

41.0 

Total 

17.67 

37.59 

63.17 

99.3 

149.6 


•including small enterprises. 


It is clear that tlie pattern of consumption will undergo a severe trans¬ 
formation under the impact 'of the growth of energy-intensive industries. 
Wliile in 1955-56, the light’ industries accounted for almost 60 per cent of 
the total consumption, their share will be reduced to about 35 per cent by 
1975-76, almost equal to the share of the iron and steel industry in that year. 

7.4 These aggregate figures of ener^ consumption have now to be 
broken doivn into their three components, viz. coal, electricity and petro- 
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leum. Taking electricity first, the coefficients of electrification, that is, the 
number of kWh per unit input of total energy, a measure of the mechanical 
energy used in industry as against heat and chemical energy, for the major 
blocks mentioned in Table 7.3.1 are given below for the years 1950-56: 

TABLE 7.4.1 


Coefficient of ELECTRiFrcATiON in Industry, 1950-56 


(kWh per tee) 


1950 

1951 

1952 

1953 

1954 

1955 

1956 

Iron and steel 

152 

178 

186 

182 

204 

214 

237 

Rest ‘heavy* 

240 

277 

300 

310 

360 

367 

380 

Aggregate ‘heavy* 

190 

219 

239 

253 

260 

288 

307 

Textiles 

428 

460 

476 

482 

500 

545 

564 

Rest ‘light* 

212 

260 

300 

295 

312 

327 

326 

Aggregate ‘light’ 

287 

334 

363 

857 

382 

409 

407 

Aggregate all 
industry 

247 

287 

309 

313 

336 

360 

366 


It will be seen (Fig. 8) that the coefficient for the industrial sector as a 
whole has increased by about 28 per cent in five years, the percentage in¬ 
crease varying from industry to industry, from about 20 per cent in iron and 
steel to almost 37 per cent in non-steel ‘heavy’ industries. The rate of increase 
of the coefficient of electrification is a measure of the speed of mechanization 
which, obviously, differs from industry to industry and is a function of, 
among other factors, the capacity of that industry to absorb technological 
innovations making for higher productive efficiencies. In countries where 
this process of absorption is more or less continuous, the rate of mechaniza¬ 
tion is also generally uniform and has been found to vary on an average 
between 2 and 4 per cent annually.In low-income countries, the rate can 
natwally be expected to be higher (a) as they are starting from a low base, 
and (b) because of the hij^er rate of industrialization, the ratio of new to 
old industrial plants is increasing more rapidly than in more developed 
countries. It is fair to assume that tliis initial high rate of mechanization. 
will, in due course, approach the normal conditions of growth in more 
established cotmtries aldiougb the precise nature of this asymptotic 
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FIGUHE 8 

Coefficient of Electrification in selected Industries, 1950 to 1950 
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approach is a little di£Scult to visualize at the present moment. Taking all 
these factors into account, the growth of electrification coefficients can be 
assumed to be on the following lines: 

TABLE 7.4.2 

Estimate or ConFnciENT or Electrificatton in Industry, 1960-75 

(kWh per tee) 



1960 

1965 

1970 

1975 

Iron and steel 

270 

325 

360 


Rest ‘heavy’ 

460 


630 


Textiles 




880 

Rest ‘light’* 


460 

510 

560 

* including small enterprises. 




,5 Applying these coefficients to the total energy figures given in ' 
,1 we have: 


TABLE 

7.5.1 



Estimate or Demand for Electricity in Industry, 1960-75 


(million kWh) 




1960 

1965 

1970 

1975 

Iron and steel 

3,670 

7,300 

13,800 

22,500 

Rest ‘heavy* 

4,570 

10,000 

18,700 

30,000 

Total ‘heavy* 

8,240 

17,300 

32,500 

52,500 

Textiles 

3,120 

4,450 

6,160 

8,450 

Rest ‘light’* 

3,660 

7,060 

12,100 

23,000 

Total ‘light’* 

6,780 

11,510 

18,260 

31,450 

Total 

16,020 

28,810 

50,760 

83,950 

Aggregate coefficient 
(kWh/tce) 

400 

457 

510 

560 

‘including small enterprises. 


Actually, tlie coefiSdents should have been applied to figures in Table 
7.3.1 not as they stand but only after allowing for utilization efficiencies 
(vide para 2.6). Table 7.3.1, it will be recalled, was derived from Table 7.2.1 
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by applying constant cnergj' coefficients based on the year 1955. Tlie elec¬ 
trification coefficients, on the other hand, were projected mostly on the basis 
of historical trends which already take into account the economy in con¬ 
sumption conse(juent upon the increase in utilization efficiencies. Hence 
the discrepancy between these estimates and those given in Table 4.6.2, 
the latter having been derived on other than ‘technical coefficient’ method.*® 
For the present, the cflFcct of efficiency will be ignored and the estimates in 
tables 7.3.1 and 7.5.1 will be used as they stand. The figures can be 
corrected for efficiency at the final stage when all the sectoral estimates are 
summated to obtain overall consumption figures. 

7.8 Deducting electricity (converted to coal equivalent according to 
Table 4.11.2), from total energy, the following non-electricity estimates 
arc obtained: 


TABLE 7.6.1 


Estimate of for 

NON-ELECTRlCAL 

(mice) 

Energy in 

Industry, I960-' 


1960 

1965 

1970 

1975 

Heavy 

17.40 



67.5 

Textiles 

2.63 

3.08 

3.7 

4.5 

light* 

6.45 

10.40 

15.8 

27.2 

Total 

26.48 

43.18 

66.3 

99.2 


■ including small enterprises. 


To separate the petroleum component from this complex it is necessary 
to study the present coal/petroleum patterns of consumption. In 1955, the 
pattern was as shown in Tabic 7.6.2. 

TABLE 7.6.2 

Petbolkum C<amcxBNT in Insdstky, 1955 
(thousand tee) 



Net coal 

M) 

Petroleum 

(B) 

B/A 

B/iA+B) 

Heavy 

5,606 

112 

0.020 

0.0197 

Textiles 

1,954 

225 

0.115 

0.103 

Best 'li^f 

3,516 

987 

0.280 

0.218 

Totol 

11,076 

1,S14 

0.119 

0.106 
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Unlike electricity, petroleum is not associated %vith any specific aspect of 
the manufacturing process. In metal and mineral processing indutsries, and in 
textiles, it is, used mainly as a source of heat (in furnaces), and in the 
remainder of industries, also as a source of mechanical power wherever 
electricity is not easily available or is not competitive. At present, only 
about 10 per cent of the total non-electricity consumption is accounted for 
by oil, and whether this ratio svill remain more or less stationary or change, 
will depend, among other factors, on tlie relative price movement of cc»al in 
relation to oil, and the location of future centres of industrial activity. 

In teims of gross cost, oil has always been a dearer fuel than coal. Accord¬ 
ing to the Census of Manufactures, the prices of coal and fuel oil (delivered 
at the factory) in the metal and mineral processing industries in different 
states in 1950 were as follows:** 

TABLE 7.6.3 


Pkece or Coal an® Foul on. in selected States, 1956 
(Rs. per ton) 


State 

Coal 

Fuel Oil 

West Bengal 

21.9 

224 

Bombay 

35.5 

176 

Madras 

35.3 

196 

Punjab 

32.4 

336 


In Bombay and Madras, both of which are situated at a considerable 
distance (alwiit 700 miles) from the coal mines, the consumption of fuel 
oil is relatively higher*® than in other parts of the country because of the 
high level of parity between the two prices. In West Bengal and the Ihm- 
jab, the ratio of prices is of the order of 10 to 1 and according to available 
information, the proportion of oil consumption in these States is much lower 
than in Bombay and Madras. Although the relative price movements in the 
past are no reliable guide to their behaviour in tlie future, it is interesting 
to note tliat while the coal prices have risen through 66 per cent since 1945 
and 36 per cent since 1950, the prices of fuel oil have increased about 50 
per cent since 1950.*® If these increases continue in tlie future, tliCTe will 
be no great changes in the relative consumption of the two fuels, at least as 
far as the price factor is concerned. If, however, tlie coal prices rise, as it 





88 


DEMAND FOB ENEKCY IN INDIA 


is generally believed they faster than the oil prices, then the con¬ 

sumption ratio can be legitimately expected to move in the direction of 
oil.*^* On the score of availability also, conditions are likely to be favourable 
to petroleum, at least in those areas away from mines where coal is under 
continuous pressure from oil. All in all, in respect of both the facts affect¬ 
ing the relative growth of consumption of the two substitutible fuels, oil 
is likely to move relatively faster than coal in the next tw'O decades,*** 

7.7 It is difficult to quantify the effect of all these factors on consump¬ 
tion trends, although an attempt can be made. Assuming in the first in¬ 
stance, that the consumption ratio will remain the same as at present, the 
petroleum component of figures in Table 7.6.1 will be as under: 

TABLE 7.7.1 

Estimate or Demand for Petroleum in Industry (constant coefficient) 

1960-75 

(thousand tee) 



1960 

1965 

1970 

1975 

Heavy 

342 

585 

925 

1,330 

Textiles 

271 

317 

381 

464 

Rest *light’ 

1,400 

2,260 

3,580 

6,160 

Total 

2,013 

4,162 

4,886 

7,854 


These are probably the minimum requirements of industrial petroleum. 
The rate of growth is of the order of about 60 per cent every five years 
which seems reasonable but may have to be faster. In countries with 
roughly the same coal/petroleum pattern as India’s, the 'petroleum co¬ 
efficient’ has been found to be growing at a rate of between 4 to 6 per cent 
annually,** the rates varying from industry to industry, being generally high 
for processing industiies and low for non-processing manufacturing indus¬ 
tries. As tlie question of the availability of indigenous oil supplies is largely 
a matter of speculation,*^ the lower rates would be more realistic in this 
country. A quinquennial increase of 25 per cent for processing industries 
and textiles, and of 10 per cent for the light industries have been adopted 
here. On this basis, the estimates are obtained as given in Table 7.7.2. 
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TABLE 7.7.2 

Estimate of Demajnb for Petroleum zn Industry (rising coefficzent) , 1960-75 

(thousand tee) 



1960 

1965 

1970 

1975 

Heavy 

435 

890 

1,870 

3,375 

Textiles 

342 

492 

740 

1,120 

Rest ‘light* 

1,560 

2,780 

4,620 

8,750 

Total 

2,337 

4,162 

7,230 

13,245 


figure 9 

Demand for Energy in Industry, 1955 to 1975 
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The ‘petroleum coefficient’ will thus change from 10.6 per cent in 1955 to 
8.8, 9.7,10.9 and 13.3 per cent in 1960,1965,1970 and 1975 respectively.* 
Deducting these estimates from the coal-cum-petroleum figures in Table 
7.6.1, we obtain the estimates of net coal requirements: 

TABLE 7.7.3 

Estemate of Demand for Coal in Industry, 1960-75 
(mtce) 



1960 

1965 

1970 

1975 

Heavy 

16.96 

28.81 

44.93 

64.13 

Textiles 

2.29 

2.59 

2.96 

3.38 

Kest ‘light* 

4.89 

7.62 

11.18 

18.45 

Total 

24.14 

39.02 

59.07 

85.96 


This completes the estimates of industrial energy, (vide Fig. 9) 


* The drop in the coeifflcients in 1960 and 1968 is due to the rapid rise in coal 
consumption in metalliferous industries which has a relatively low ‘petroleum 
coefficient*. 





CHAPTER VIII 


ENERGY IN AGRICULTURE 

8.1 Energy inputs in agriculture are, roughly speaking, a function of the 
level of agricultural technology adopted, the levels not only varying from 
country to country but also according to region within the same coimtry. 
Looking at the w'orld as a whole, hand tools are characteristic of Africa, 
simple animal-drawn implements of the ancient cultures in Southern and 
Eastern Asia, and more highly developed animal-drawn and power-operat¬ 
ed equipment of Europe, Nortli America and the U.S.S.R.^‘- Countries with 
a high level of agricultural technology possess, with a few exceptions, also 
high levels of industrial and general economic development, and vice-versa. 
It i.s, therefore, almost axiomatic that industrial expansion in India has to be 
accompanied by a general raising of technological levels in agriculture 
mainly through the adoption of intensive methods of cultivation, almost all 
of which lead to higher energy inputs, both directly (through mechaniza¬ 
tion) and indirectly (tlirough the use of fertilizers etc.) The indirect inputs 
which flow to agriculture through other sectors have been already taken 
care of; the direct inputs will be dealt wtth here. 

8.2 Between 1950-51 and 1954-55, the net area sown rose by 7 per cent 
(from 293 to 315 million acres) and the gross area (i.e. counting double- 
cropped land twice) by 8 per cent (from 326 to 352 million acres).®3 About 
28 million acres are now classed as ‘current fallows', another 29 million as 
‘fallow lands other than current fallovvS*, and 57 million as ‘culturable 
waste’. The present programme and long range planning do not seem to 
contemplate any large or rapid increase in the cultivated area. Based on 
the experience of the First Five Year Plan and certain programmes in the 
Second Plan, it would seem that something of the order of a million acres 
a year might be reclaimed for addition to the cultivated area on a fully 
economic basis, with the aid pf some power equipment. Tliis is roughly the 
scale of the reclamation programme that might be launched in the course 
of the next few years.®^ 

In 1950-51 at the outset of the First Plan, about 51.5 million acres (rather 
more than one-sixth of the next sown acreage) were under irrigation. By 
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the end of the Plan, 15 million acres had been added to it, the objective for 
the Second Plan being a further increase of 21 million acres.^’^ It is not 
possible to say how long such rates of extension can or will be continued, 
in view of the fact that the groimd water resources are largely unsurveyed 
and that increasing costs may well be encountered. It has been suggested 
that 100 million acres could be under irrigation by 1971. In the light of 
recent and ciirrent progress this seems perhaps conservative, and in any 
event, it is not to be viewed as an ultimate limit. Allowing for some slacken¬ 
ing oflF after 1961 (on the assumption that further imgation developments 
might by then encounter substantially increasing costs) we may expect 105 
million acres of irrigated area by 1971, 112 million acres by 1975 and be¬ 
tween 120-125 million by 1980.** 

According to the Livestock Census of 1956,“if bovines in India number 
roughly 200 million, divided as shown in Table 8.2.1. 

TABLE 8.2.1 


LnrxsTocx Census of India, 1956 
(millions of head) 



Total 

Cattle 

Buffaloes 

All classes 

203.5 

158.6 

44.9 

Adult work stock 

70.6 

64.3 

6.3 

Males 

68.4 

62.5 

5.9 

Females 

2.2 

1.8 

0.4 

Breeding stock 

69.5 

47.6 

21.9 

Males 

0.7 

0.4 

0.3 

Females 

68.8 

47.2 

21.6 

Young stock etc. 

63.4 

46.7 

16.7 


Of the total adult work stock of about 70 million, only about 2 million are 
used in urban areas, presumably in non-agricultural activities. Applying 
the usual coefficients of 0.5 units per cattle and 0.9 units per buffalo,®* we 
get the total animal draft power as 36.8 million units. According to the 
same source, 21,080 tractors were in use in India during 1956 which, 
reduced to draft units, give 0.13 million units. The total draft power in the 
country can, therefore, be taken as about 37 million units of which all but a 
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very small portion is derived from animals. This is the present state of agri¬ 
culture in India. 

For the world as a whole, the total draft power was 231 million units (in 
1948-49, the last year for which complete details are available), of which 
199 million units were animal draft and the rest derived from power-driven 
machinery (mainly tractors). The growth since 1930 has been as follows: 


TABLE 8.2.2 

Animal and Mecbaitical Draft Power m the World, 1930-48 
(million units) 



Tractors 

Draft 

animals 

Total 


1930 

7.7 

214.2 

221.9 


1038-39 

14.9 

210.3 

225.2 


1948-49 

31.4 

199.2 

230.6 



It will be seen that while the total draft power has increased by just about 
2 per cent every eight or ten years, the number of tractors has doubled itself 
during tliis period. According to the same source, the number of tractors has 
gone up from 1.3 million in 1930 to 2.5 million in 1938-39 and 5.2 million in 
1948-49. The figures for some selected countries and regions are as under; 


TABLE 8.2.3 

Number of Tractors in selected Countries, 

(thousand units) 

1930-48 



1930 

1938-39 

. 1948-49 


North America 

1,020 

1,597 

3,700 


United Kingdom 

20 

60 

285 


U.S.S.R. 

72 

523 

500 


Europe 

110 

205 

501 


Latin America 

20 

35 

70 


Oceania 

32 

53 

101 



Source: Farm Mechanization, FAO (Rome), 1952. 
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In India, as Table 8.2.4 sho\vs, the extent of modernization and mecha¬ 
nization is still insignificant. But the rate of mechanization is fairly rapid 
and should continue to be rapid in future. Of the total number of tractors 
in the Census returns, about 500 tractors were used in reclamation work and 
the rest in mechanical cultivation.*® A tractor serves about 100 acres, so 
that the proportion of mechanically cultivated area to total area under 
irrigation works out as shown in Table 8.2.5. 


TABLE 8.2.4 

Agriccltdral Implements in India, 1945-58 
(thousand units) 



1945 

1951 

1956 

Wooden ploughs 

27,306 

31,809 

36,615 

Iron ploughs 

481 

930 

1,366 

Carts 

8,483 

9,853 

10,991 

Oil engines 

12 

82 

122 

Electric pumps 

9 

25 

55 

Farm tractors 

5 

8.5 

21 


TABLE 8.2.5 

Phogress of Mechanized Cdltivatidn in Dndia, 1945-55 
(million acres) 



1945 

1950-51 

1955-56 

(A) Total area under 
irrigation 

45.00 

51.50 

66.50 

(B) Area under 
mechanical 
cultivation 

0.50 

0.80 

2.05 

B/A per cent 

1.11 

1.55 

3.07 


If we assume the coefficient B/A to double itself every five years (as it 
has done between 1950-55), then the total area under mechanical cultiva¬ 
tion will increase as shownin Table 8.2.6. 
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TABLE 8.2.6 

Estimate of Area under Mechanical Cultivation, 1955-56—1975-76 

(million acres) 



1955-56 

1960-61 

1965-66 

1970-71 

1975-76 

Area under irrigation 

66.5 

87.5 

97.5 

105.0 

112.0 

B/A per cent 

Area under mechanical 

3.07 

6.0 

12.0 

25.0 

50.0 

cultivation 

2.05 

5.25 

11.7 

26.2 

56.0 


By 1975-76, therefore, the number of tractors in use will be about 500,000, 
which is roughly the number Russia had in 1938-39.’®® In 1930, Russia had 
only 72,(KK) tractors, the rate of increase in the intervening period having 
been of the order of 30 per cent annually, equivalent to a redoubling period 
of three years. In India, the rate will have to be much slower, a1x>ut 20 per 
cent annually. In Great Britain, under pressure of war-time economy, the 
increase was almost five-fold in ten years (from 1938-39 to 1948-49).’®® If 
the Indian food problem is tackled as a measure of the most serious eco¬ 
nomic and political emergency (as it was done in Great Britain during the 
war), then the target of 500,000 tractors by 1975 may actually be an under¬ 
estimate. Tliere have been suggestions, from the most conservative quar¬ 
ters, tliat it will be necessary to provide for the production of one million 
tractors in ten years’ time in this country at the rate of 1(X),000 tractors per 
year.’®’ A figure of half a million tractors in twenty years time can, there¬ 
fore, be taken as a reasonably likely target to be aimed at. On the basis 
of 500 gallons of consumption per year per tractor, the requirements of oil 
would work out as follows: 


table 8.2.7 

Estimate of On, Consumftion by Tractors, 1960-61—1976-76 

(tons) 


Year 

ou 

Coal equivalent 

1960-61 

100,000 

150,000 

1965-66 

220,000 

330,000 

1970-71 

500,000 

750,000 

1975-76 

1,060,00 

1,590,000 
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An additional small number of tractors will be required for reclamation 
purposes. A tractor can reclaim about 1,000 acres annually, so that one 
thousand tractors will be required for one million acres every year. Their 
consumption of oil will be so small in comparison with that of farm tractors 
that it can be ignored or assumed to have been included in the above figures. 

8.3 The number of oil engines with pumps for irrigation purposes has 
increased by 50 per cent between 1951 and 1956, a sharp fall from the pre¬ 
vious seven-fold increase between 1945 and 1951. Although the 1951-56 
figures cannot be taken as representative of the scale of demand for this 
particular type of agricultural machinery during this period, there is no 
doubt that with the growth of electrification in nural areasalready taken 
into account in projecting electricity requiremens) the demand for diesel- 
driven pumps may not show more than a minimal degree of increase. 
Assuming a 50 per cent increase in five years until 1965 and 25 per cent 
thereafter, the consumption will be as shown in Table 8.3.1. 

TABtE e.3.1 


Estimate op On. Consumption by On. Engines, 1956*76 


Year 

Number of 
oil engines 

Consumption of 
oil (tons) 

1956 

122,000 

142,000 

1960-61 

170,000 

200,000 

1965-66 

250,000 

300,000 

1970-71 

320,000 

375,000 

1975-76 

400,000 

460,000 


8.4 This completes the estimates of energy requirements of all the 
major sectors by type of energy. The requirements of minor sectors (such 
as services which are not organically related to energy consumption) are 
largely a matter of judgment; in any case, they form a very small fraction 
of the total energy complement and do not really affect the overall picture 
as formed by the major relatively energy-intensive sectors. It should, 
therefore, be possible to fill in the minor gaps and complete the general 
framework without much difiSculty. Tables III to VI have been prepared 
on this basis. The sectoral aggregates are summarized |n Table 8.4.1 and 
illustrated in Fig. 10. 



million tons of coal equivalent 
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TABLE 8.4.1 

Estimate of I>emand for Energy by Sectors^ 1960-75 
(mice) 


Energy consumption 

1960 

1965 

1970 

1975 

Industry 

37.6 

63.2 

99.2 

149.6 

Transport* 

19.0 

95.0 

33.1 

44.0 

Domestic 





Primary 

8.6 

14.5 

25.7 

40.9 

Secondary 

Services and 

97.3 

09.3 

97.6 

80.0 

Miscellaneous^ 

4.7 

7.5 

12.1 

20.0 

Total 

167.3 

209.4 

267.8 

348.6 


“ including transport of coal and petroleum but excluding transmission of 
electricity. 

^ including construction. 


A comparison with the overall projections made earlier (Table 3.12.2) 
shows that the method by sectors yields estimates which are on the whole 
higher than those arrived at by the “overair* method. s was, of course, 
anticipated earlier (vide para 2.2) when, in assessing the relative merits of 
the two methods it was stated that while *‘in tlie more developed countries, 
there was no great diflFerence between the two metliods, in a country like 
India, the change in economic structure (especially the progressively 
greater incidence of manufacturing activity) was a major factor to be taken 
into account”. The fact that the energy-intensive processing industries (like 
steel) within expanding manufacturing sector were expected to grow rela¬ 
tively far more rapidly could not be taken cognizance of in the "overall” 
method. Apart from this, the other sectoral estimates are in fair agreement 
with those arrived at individually and can be taken as reasonably accurate. 




CHAPTEB IX 


CONSUMPTION BY TYPE OF ENERGY 

9.1 Table 9.1.1 gives a synoptic view of effective energy requirements for 
1960-75. These figures include energy consumed in transporting energy 
(excluding transmission of electricity) in addition to effective energy as 
defined in para 2.5, but excludes energy required for extracting and proces¬ 
sing, and losses. It should also be mentioned tliat the figures under coal 
and petroleum refer only to primary consumption of these energy sources 
and exclude electricity derived therefrom. As such, the tables give an incom¬ 
plete picture of the final pattern of consumption by type of energy (Fig. 11) 


TABLS 9.1.1 

Estimate of Demanx> for EFFEcnvx Energy by type op Energy, 1950-75 

(mtce) 


Year 

Coal» 

Electricity^ 

Petroleum^ 

Total 

1950 

23.34 

4.97 

3.75 

32.06 

1955 

27.07 

7.16 

5.54 

39.77 

1960 

45.81 

14.44 

9.69 

69.95 

1965 

69.47 

25.63 

15.01 

110.11 

1970 

104.77 

41.92 

23.56 

170.25 

1975 

157.46 

64.93 

38.21 

260.61 


* excluding coal used in power stations. 

i>coal equivalent according to conversion coefficients in Table 4.11.2. 
^ excluding petroleum used in power stations. 


but are, nonetheless, extremely useful as illustrative of the future trends in 
consumption. It will be seen (Table 9.1.2) that while the share of coal in the 
total energy will go on decreasing and that of electricity gradually increasing, 
the contribution of petroleum which rose to 14.0 from 11.4 per cent during 
1950-55 will not undergo much change, and will remain more or less station- 
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FIGURE 11 

Share of Coal, Electricity and Petroleum in Effective 
Energy Consumption, 1950 to 1975. 



■ mainly as heat, coal and petroleum used in electricity are 

excluded. 

TABLE 9.1.2 


Pattern of Effective Consumption op Coal, Electriciit and Petroleum, 

1950-75 

(per cent) 


Year 

Coal 

ElectrMty 

Petroleum 

Total 

1950 

73.0 

15.6 

11.4 

100.0 

1955 

68.0 

18.0 

14.0 

100.0 

1960 

63.5 

20.6 

13.9 

100.0 

1965 

63.4 

23.3 

13.3 

100.0 

1970 

61.8 

24.7 

13.5 

100.0 

1975 

60.5 

25.0 

14.5 

100.0 


ary at 13-14 per cent. The relatively abnormal rise in the contribution of 
petroleum to total energy from 1950 to 1955 was apparently due to the fact 
that during this period there was only a mild increase in the consumption 
of net coal, less than 4 million tons in five years. With the increasing 
orientation of the economy towards metalliferous industries from the Second 
Plan onwards, the pressure on coal is likely to be extremely heavy so that 
it would be unrealistic to expect petroleum to sustain the rate of relative 
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increase that it attained during 1950-55. It is, therefore, not surprising to 
see that while the share of coal went dowi 7 per cent during 1950-55, the 
rate of decline will gradually decelerate until, by 1975, it will have come 
down only about 2 per cent from the 1970 level. The Indian energy eco¬ 
nomy in 1975 will be substantially a coal-based economy, and even by 
AD 2000 it may have as liigh a proportion of net coal as 55 per cent if the 
present tiends endure.* 

9.2 It is now necessary to obtain a break-up of aggregate electricity 
consumption by source of energy, viz. coal, hydro and oil, and add this to 
net coal and oil requirements to obtain gross figures of consumption. EflFec- 
tivc electricity consumption (including transport but excluding transmission 
of electricity) is estimated as shown in Table 9.2.1 (vide Table 4.11.1 
w4th corrections for industiy and transport as per Tables 7.5.1 and 6.6.2). 

TABLE 9.2.1 

Effective Consumption of Electricity, 1960-75 
(million kWh) 


Year 

Consumption 

1960 

19,530 

1965 

36,900 

1970 

64,500 

1975 

108,000 


Between 1950 and 1955, while the total generation increased from 6,573 
to 10,776 million kWh (including electricity produced in self-generating 
establishments), the output of diesel stations increased only slightly from 
199 to 233 million kWh. The share of diesel stations was thus reduced to 
about 2.2 pe^r cent from 3.0 per cent in 1950. If this trend continues, the 
output from diesel stations may be somewdiat on tlie lines as given in Table 
9.2.2 over the next fifteen years. 

The diesel generator is used principally for small operations in remote 
areas, and also as a standby plant in some factories. Most of the stations 
are under 1,000 kW, and more than half are under 250 These may 

be thouglit of as temporary units, warranted in the first stage of electrifica- 

• As recently as 1946, coal provided nearly half of the fuel energy consumed in 
the U.S.A. (Fortune, November 1958.) 
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TABLE 9.2.2 

Estimated Output or JDibsel Stations, 1950-79 
(million kWh) 


Year 

Total output 
(effective) 

Proportion of 
diesel power 
(per cent) 

Output from 
diesel stations 

1950 

6.573 

3.02 

199 

1955 

10,776 

2.20 

233 

1960 

19,530 

1.61 

315 

19G5 

36,900 

1.18 

437 

1970 

64,500 

0.86 

555 

1975 

108,000 

0.63 

680 


tion and to be superseded by larger stations or low-voltage transmission. 
Although their initial unit capital costs arc lower than those of coal stations, 
the high price of diesel (compared to coal) renders them uneconomical in 
the long run.^®^ In the northern part of Bombay State where diesel oil is 
delivered by rail at a price of about Rs. 250 per ton, electric power rates to 
domestic consumers are as high as 75 nP. per kWh and even higher. Even 
in Assam, the rates are sometimes as high as one rupee per unit.'®^ From 
tlie point of view of price and general economy, therefore, diesel power 
generation compares unfavourably wth either coal or hydro power and is 
unlikely to make much headway in the coming decades, particularly as the 
power economy during these years will be geared to large-capacity stations 
connected through high voltage transmission grids supplying energy at 4 
to 6 nP. per unit. 

This question of power generation from liquid fossil fuels cannot, how- 
e^'er, be divorced from the wider one of development of indigenous petro¬ 
leum resources during the next few critical years. The overall picture of 
oil exploration and development in India today is one of increased acthdty 
in a number of widely separated areas—the extensive alluvial plains of the 
Ganga valley and the Jaisalmer desert where aero-magnetic surveys have 
indicated enormous thickness of sedimentary rocks, the various Siwalik 
structures of Kangra district in the Punjab (Jwalamukhi and the environs), 
the Gulf of Cambay and Kathiawar in Bombay State, the Upper Assam 
Valley, and some of the narrow stretches along the west and east coasts 
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bordering the peninsula over which thin marine sediments have accumu-" 
lated during the Cretaceous and Tertiary periods. The more promising 
areas are being thoroughly examined at present, although it is generally felt 
that in several of the areas the prospects of finding oil cannot be considered 
very promising.^®® Tlic Oil and Natural Gas Commission has now been in 
existence for about three years during which period it has been able to put 
through an intensive programme of exploration and drilling.^*’*' The petro¬ 
leum climate’ in India can therefore be described as one of cautious opti¬ 
mism although the situation is far too uncertain at the moment for a reason¬ 
ably firm appreciation of the likely future prospects of petroleum in the 
country. 

Wliatcver the future prospects—and the costs of processing an extensive 
programme of oil exploration, about Rs. 000 per ton according to inter¬ 
national experience,should not be minimized—the immediate achieve¬ 
ments are, by no means, a disappointment. India’s crude petroleum pro¬ 
duction now amounts to about 0.4 million tons from the Digboi field, to 
which may be added the 2.5 million tons expected from the Assam Oil 
Company's discoveries in Nahorkatiya and Moran. The indigenous crude 
output is thus about 3 million tons, roughly half the current estimated con¬ 
sumption. It has been suggested that, allowing for normal depletion of 
presently discovered reseiTes, exploratory effort should be directed towards 
discovering additional crude oil production enough to bring the country 
near self-sufficiency by 1975 or so.^®^ This suggestion has come both from 
official as well as private quarters^^® and may therefore be considered as 
defining the scope and direction of petroleum development in India in the 
coming years. Should oil be actually struck and its cost come down to a 
reasonable level, the shift towards petroleum may be far greater than 
assumed in this study and may push up the total demand for petroleum 
products in the countiy to twice or even three times the estimates made 
here.^®® 

Against this rather hopeful background of future prospects for oil in the 
country, it is quite possible that the output from diesel stations may be 
higher than that derrived in Table 9.2.2 Diesel units of 2,00(X-5,000 kW 
would be useful during the next couple of decades to furnish power for 
mines and for village and agricultural use (deep well irrigation etc). 
Although the unit cost of power from such small 'package' stations may be 
generally higher than that from coal-stations, the low requirements of initial 
capital and the saving in transmission costs may swing the balance in favour 
of diesel, particularly in areas away from the collieries. Taking all these 
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factors into account, it is reasonable to assume that the growth of diesel 
power output will be as indicated below: 

TABLE 9.2.3 

ESTIAIATE OF DEMAND FOR OlL BT DIESEL STATIONS, 106D-75 


Year 

Estimated 

output 

(million kWh) 

Diesel 

required 

(mtee) 

1960 

315 

0.145 

1965 

650 

0.286 

1970 

1,000 

0.400 

1975 

1,500 

0.540 


In addition to diesel oil, there are three other petroleum fuels, viz. natural 
gas, refinery gases and heavy distillates, which can be considered for pro¬ 
duction of electricity. Tlie Cambay and Jwalamukhi regions are situated 
away from collieries and if the prospects of natural gas in these areas prove 
commercially feasible, they would provide ideal locations for power stations 
using this gas. It is, however, doubtful whether the cost of power would be 
comparable to that from coal-based stations except in an integrated 
chemical-cum-power production project on the lines of the lignite project 
at Neyveli”® and tlie proposed multi-purpose scheme to utilize the Nahor- 
kutiya gases in Assam.“‘ Unconfirmed reports indicate that the cost of 
power for private use, that is, for use outside the projects would be in the 
region of 15 nP per k\Vh,>" roughly three times the unit cost in medium- 
size coal-based stations. It is quite possible, however, that the costs in 
Cambay and Jwalamukhi areas may be much lower than in Assam. 

Fuel oil and refinery gases are clearly an additional source of energy for 
thermal generation in arca.s where coal is expensive and refineries are close 
by, Tlie first two refineries in the public sector will be located within or in 
the idcinity of tlie coal belt;”® if oil is struck at Jwalamukhi or Cambay, die 
subsequent refineries may be located on the West Coast, in the North or in 
the South (to meet tlie demand for refined petroleum products in these 
regions) that is, away from collieries and, in certain cases, in areas with 
negligible or insubstantial hydro power potential. Such conditions, how¬ 
ever, are likely to be more favourable to nuclear power tlian conventional 
generation based on fuel oil or r^eiy gases. The prospects for a substan¬ 
tial petroleum-based electricity programme would, therefore, appear to be 
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rather dim. We may add a percentage to diesel oil figures in Table 9.2.3 
to include a likely demand for additional petroleum sources for power 
generation. 


TABLE 9.2.4 

ESTTMATED OUTPUT OP ELECmOCPnr FROM PETROLEUM FUELS, 1960-75 

(mtce) 


Year 

Diesel oil 

Fuel oil, 
natural gas & 
refinery gases 

Total 

A^illton 

kWfc 

1960 

0.145 

.. 

0.145 

315 

1965 

0.286 


0.386 


1970 

0.400 

0.150 

0.550 

1,380 

1975 

0.540 

0.250 

0.790 

2,200 


9.3 Tlie rest of the requirements will have to be met from eoal-based 
thermal stations, hydro eleetricity and possibly, nuclear power. Before going 
into the question of relative economics of these tlu'ec types of generation, it 
might be useful to c.\amine the resources position of each of them in order 
to establish the limiting boundaries to which the individual energies might be 
subject. We shall take up the conventional sources first and tlien go on to 
nuclear energy. 

The known reserves of coal in India are at least 120,000 million tons.^^* 
During the past few years, intensive exploration in areas like Raniganj, Jharia, 
Bokaro, North Karanpura, South Karanpura, Madhya Pradesh and Godavari 
coalfields has shown great reserv'es of coal which had not been known before. 
According to the Director of Fuel Research Institute, Dhanbad, “it is almost 
true to say that with every borehole we sink, new reseiYCs of coal are being 
unearthed”.**® There are vast tracts in M.P., Orissa and Biliar wliich are yet 
unexplored, and it is possible that large reserves of coal underlie tire areas 
of Deccan trap in Peninsular India. 

However, although the total reserves of coal may be large, they appear to 
be fairly localized in Bengal, Bihar, Madhya Pradesli, Orissa and Andhra 
areas, and much of the reserves are of inferior quality. On the other hand, it 
is quite possible tliat future discoveries may alter tliis picture to a certain 
e.xtent. ’Iluare are reports of coal deposits in Chanda,*** Bombay State, wljich. 
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if true, will cut down the distance of coal haulage to the West Coast by 
almost 50 per cent. The general pattern, however, is one of localized geogra¬ 
phical occurrences and it would be safe to assume that it will continue to be 
so for sometime to come. On the other hand, from the point of view of 
quantity alone, it can be safely assumed that there are enough reserves in the 
country to sustain a programme of coal-based thermal generation for years 
to come even if the entire output of electricity were to be produced from 
coal. Tlie resources of coal, therefore, can be considered ample and need not 
provide a limiting factor in the growth of thermal generation until 1975. 

9.4 The utilizable hydro potential of the entire country has been roughly 
assessed at 184,000 million klVh.“® Since, by 1975, the aggregate demand 
for power is estimated around 1.30,000 million k'WTi (including transmission 
and other losses), it is clear that the utilizable hydro potential is, in theor}', 
sufficiently large to meet the entire demand likely to arise by that time. 
From the point of view of available resources, therefore, both hydro and 
coal resources can be considered sufficiently large to sustain singly a pro¬ 
gramme of generation of about 130,000 million kWli annually by 1975. It is 
reasonable to conclude that the potential resources of conventional fuels 
are adequate for the country’s growing needs until 1975 (and, possibly, for 
a long period thereafter) and that, on the score of resoiu'ces at least, there 
is no need to resort to nuclear energy during this period. 

9.5 Tlie next aspect to be considered is tlie question of costs. This has 
always been a subject of controversy among power economists, and \vith 
the advent of atomic energy in the field, tlie argument has become more , 
complex than ever. Tlie broad facts of power situation in India can be 
stated as follows: 

(1) The quality of coals occurring in most of tlie areas outside Bengal 
(excepting the coking coals of Bihar) is largely of inferior variety, high in 
ash content, and in most parts, high in moisture, and of non-coking quality. 
With suitable plant design, they can be most profitably utilized for tlie 
generation of power. 

(2) The major limitation on the availability of coal is tran.sport. In 
southern and western India, freight and handling costs exceed the pithead 
price considerably.*** The capital cost of expanding capacity to supply fuel 
for a groiving power system is about Bs. 100 or more per kW of electric 
plant added.*** It is more economic to transmit electricity than transport 
high-ash coal by rail.*** 

(3) The inferior quality of coals and restriction in geographical occur¬ 
rence imply that stations must be of central type and of large capacities in 
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order that specialized equipment can be used for obtaining high thermal 
fifPrimoifts. The future pattern of thermal power generation is, therefore, 
likely to consist of central power stations of large capacities inter-connected 
by high voltage transmission grids for distribution of power over wide areas. 

(4) Of the country’s total potential of about 35 million kW hydro power, 
roughly 14.4 million kW are in the western, southern and central areas. 
The hydro resources are frequently present where coal resources are 
deficient or relatively expensive. 

(5) The hydro-electric resources are so distributed that they form con¬ 
centrations of hydro power, each major concentration being separated from 
the others by several hundreds of miles.*^® Spheres of influence formed by 
these major concentrations of power should afford an ideal natural basis 
for regional power development. 

(6) The capital costs of thermal stations are about Rs. 1,000 per kW 
installed, but it has been suggested that the real cost may be nearer Rs. 
1,250 per kW of effective capacity if the reserve capacity etc. is taken into 
account.”® To this has to be added about Rs. 175 per kW to allow for the 
capital costs required for mining the necessary quantity of coal, and Rs. 100 
per kW for transporting it over an average length of haul. The real capital 
cost of thermal stations may, therefore, be near Rs. 1,400-1,500 per kW of 
effective capacity. 

(7) The capital costs of hydro schemes are determined largely by topo¬ 
graphical and hydrological considerations and vary a great deal from one 
site to another. The range of costs for single-purpose power projects is 
from Rs. 550 at Sharavati (Mysore) to Rs. 1,545 at Rihand (U.P.).”* In 
multi-purpose projects, the costs are generally higher but so are the benefits. 

(8) Indications of future economic trends show that in general, capital 
costs of future schemes would tend to the lower limits of the prevailing 
range of costs of the single-purpose power projects.”® Tlie unit cost of 
power from hydro stations has a range of 1.4-3.0 nP. (depending on unit 
capital costs and load factor) while that from pithead thermal stations is 
betw'een 2.85-3.30 nP. with coal price at about Rs. 22 per ton.^®® Large¬ 
sized thermal stations with units of 100-150 MW may lead to lower unit 
capital costs but these may be counter-balanced by higher running costs due 
to rising prices of coal. It is, therefore, reasonable to assume that, in future, 
while &e capital costs of large-sized thermal and hydro stations may not 
differ very mudi and may actually be lower for hydro stations, the level of 
unit costs of thermal power will certainly be much higher than that of 
hydro-electricity. 
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It should be clear from this relative assessment of the two t}'pes of gene¬ 
ration that while, in the short run, thermal power may have a temporary 
advantage over hydro power, the balance is likely to swing in favour of the 
latter in the near future. It is, therefore, reasonable to. assume that in the 
years to come, the growth of hydro power is likely to be more rapid than 
tliat of thermal power, the precise magnitude of the number of factors 
including the location of industries, and the quality of power planning. 
Planning, in fact, is the crux of the problem and has to be visualized and 
e.tecuted on a national scale rather than on the basis of state boimdaries 
which, in any case, Avere not drawn up with reference to self-sufficiency in 
natural resources. It is assumed here that the future power programmes' 
Avill be conceh’ed and planned with a national perspective in view and not 
merely by aggregating individual state programmes draAvn up witliout 
relation to regional resources and inter-state requirements. 

9.6 We have seen earlier that the resources of conventional fuels in 
India are sufficiently large to sustain a programme of electrification well 
after 1975. On the score of costs, hoAvcA’cr, nuclear power may offer a com- _ 
petitiA'c alternative to con\'cntional thermal generation particularly in areas 
away from tlio collieries. Tlie economics of nuclear power are far more 
complex than those of conventional power but certain broad conclusions 
follow automatically from se\'eral studies made in this country and abroad 
by official and unofficial organizations including the NCAER.^®* 

(1) Tlie total invc.stment required, including the investment in mines, 
processing plants, transport facilities and power stations, is about Rs. 1,500/ 
IcW per coal power and Rs. 2,425-2,575/kW for nuclear power. The capital 
costs of nuclear poAA’er are tlius higher than even tliose of hydro installa¬ 
tions. The cost per kWh of nuclear power would be practically the same 
as coal poAA'er at places remote from the coalfields, but almost double that 
of hydro power. 

(2) Although nuclear poAA'cr compares unfavourably with coal power 
at present (with regard to both capital as well as unit costs), it might be 
competith’c in about a decade, that is, by 1970 or so, when coal power costs 
are expected to go up and nuclear costs come down. According to the 
Atomic Energ)' Ciommission, the total capital investment inventory in the 
third generation nuclear stations will be about Rs. l,400/kW“® (lower 
tlian the corresponding investment in coal power) and cost of power about 
2.6 nP./kWh. 

Despite the fact that some of the figures of the Atomic Energy Commis¬ 
sion have been questioned, there is no doubt that ‘threshold' conditions for 
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the entry of nuclear power are slowly taking shape in some selected regions 
remote from coalfields such as Madras in the south and some parts of Kathia¬ 
war in the west. The essential point, according to the Commission, is that 

‘‘if India is to benefit from the advantage of nuclear power 10 to 15 years 
hence, and be in a position to utilise further the technical developments 
which may be expected by then, an investment in a million kilowatts of 
nuclear power has to be made within the next seven years. Tliis invest¬ 
ment will make it possible to plan a subsequent expansion of the electri¬ 
cal generating capacity of the country if so desired, with a minimum 
doubling time of five years, for practically an unlimited period, long 
beyond the day when the hydro and coal reserves will have been harness¬ 
ed to the maximum possible extent."^^® 

On the most optimistic assumptions, the contribution of nuclear power is 
unlikely to be more than a small fraction of the total by 1975. A station 
with a capacity of 250 MW is expected to be in operation by 1985 which 
will produce about 3 per cent of total requirements of electricity in that 
year. Assuming 6 and 9 per cent for 1970 and 1975 respectively, the growth 
of nuclear power would be as follows; 

TABLE 9.6.1 


Estimated Output from Nuclear Stations, 1960-75 


Year 

Net requirements 
(million kWh) 

Percentage of 
nuclear power 

Total nuclear power 
(million kWh) 

1960 

19,215 

nil 

nil 

1965 

36.020 

3 

1,080 

1970 

63,120 

6 

3,790 

1975 

105,800 

9 

9,520 


9,7 The rest of the demand will be met by coal and hydro power. The 
ratio of hydro; steam generation which stood at 1 : 1.7 in 1955 is expectea 
to be about 1 : 1 in 1900.^*^ Assuming that hydro will grow relatively more 
rapidly than steam generation in the coming years (although perhaps not as 
rapidly as during the Second Plan) the breakdown as between coal and 
hydro will be as shown in Table 9.7,1. 
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TABLE 9.7.1 


Estimates of Output prom Steam and Hydro Stations, 1960-75 
(million kWh) 


Year 

Net demand 
(steam and 
hydro) 

Ratio of 
steam: 
hydro 

Steam 

Hydro 


1960 

19,215 

1 : 1 

9,607 

9,607 


1965 

34,940 

1 : 1.1 




1970 

59,330 

1 : 1.15 


31,730 


1975 

96,280 

1 : 1.2 


52,580 



9.8 These figures do not include energy used in transmission. Allowing 
for transmission losses, the pattern of generation (Fig. 12) up to and exclud¬ 
ing energy used in processing will be as shown in Table 9.8.1. 


TABLE 9.8.1 

Pattern of Generation from Steam, Hydro, Petroleum and Nuclear 

Stations, 1960-75 

(million kWh) 


Year 

Steam 

Hydro 

on 

Nuclear 

Total 

1960 




nil 

21,940 

1965 



950 



1970 



1,490 


74,290 

1975 



2,380 


126,080 


Converted to coal equivalent, the table will read as follows: 


table 9.8.2 

Pattern op Generation (mtce) from Steam, Hydro, Petroleum and 
Nuclear Stations, 1960-75 

(thousand tee) 


Year Steam Hydro Oil Nuclear Total 


1960 

7,850 

8,150 

145 

nil 

16,145 

1965 

12,900 


380 

870 

28,756 


20,000 



2,920 

47,870 

1975 

29,600 


790 

6,800 

75,190 
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We have to add to this the energy requirements for extraction and proces¬ 
sing (in collieries, power stations and refineries) and energy lost in mis¬ 
cellaneous conversion processes such as coke ovens etc. These losses, which 
can be considerable, can only be guessed at present, depending as they do 
on the tjpes of processes employed in conversion. It might, however, be 
mentioned that as far as petroleum is concerned, it is assumed that the 
refining capacity in the country will rise to 10, 20 and 30 million tons of 
ciTide throughput in 1965, 1970 and 1975, respectively, from the current 
level of about 5 million tons. It is also assumed that the supply of indige¬ 
nous crude oil will increase to 6, 12, and 24 million tons by 1965, 1970 and 
1975 from about 3 million tons in 1960. Petroleum is, by far, the most 
capricious of fuels, and these figures may be subject to a considerable 
degree of revision in future if the ciuxent plans and programmes deflect 
substantially from the projected targets. 

9.9 Final results, giving gross requirements of the three types of 
energy, are tabulated below: 

TABLE 9.9.1 

Estimate of Gross Demair) for Coal, 1960-75 
(million tons) 


Year 

Effective 

consumption 

Electric 

generation 

Extraction & 
conversion* 

Gross 

consumption 

1960 

45.81 

8.80 

7.79 

62.40 

1965 

69.47 

14.80 

12.86 

97.13 

1970 

104.77 

23.20 

21.80 

149.77 

1975 

157.46 

34.60 

45.40 

227.46 


‘Extraction losses, 6, 5.8, 5.65 and 5.5 per cent of net extraction; conversion 
losses, 33 per cent in soft coke plants and 20 per cent in hard coke plants. 


TABLE 9.9.2 

Estimatb of Gross Demaiis for Petroleom* 1960-75 
(million tons) 


Year 

Effective 

consumption 

Electric ' 
generation 

Extraction 
it losses^ 

Gross 

consumption 

1960 

6.46 

0.10 

0.53 

7.09 

1965 


0.27 

1.05 

11.33 

1970 

15.70 

0.38 

2.10 

18.18 

1975 

25.50 

0.55 

8.45 

29.50 


■ Extraction, 5 per cent of indigenous crude; Fuel, 5 per cent; and losses, 2.5 
per cent of crude refined. 
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TABLE 9.9.3 

ESTKklATE OF GROSS DEMANB FOR ELECTRICITY BY SOURCE, 19G0-73 

(billion kWh) 


Year 

Steam 

Hydro 

Oil 

Nuclear 

Total 

1960 

11.91 

11.65 

0.36 


23.92 

1965 

21.16 

22.38 

1.00 

1.37 

45.91 

1970 

35.59 

39.83 

1.57 

4.95 

81.96 

1975 

57.68 

67.06 

2.51 

12.54 

139.79 



TABLE 

9.9.4 



Estimate of Installed Capacities of Steam, Hydro, PivrRoi.EUM and 
Nuclear PowFii Stations, 1960-75 



(million kW) 



Year 

Stcaina 

Hydro^* 

Oil^‘ 

Nuclear*^ 

Total 

1960 

3.72 

2.92 

0.30 

.. 

6.94 

1965 

6.40 

5.00 

0.50 

0.25 

12.75 

1970 

10.46 

10.00 

0.73 

0.82 

22.06 

1975 

16.48 

16,76 

1.26 

1.92 

36.42 


«kWh/kW: 3,200 (in 1960), 3,300 (1965), 3,400 (1975) and 3,500 (1975). 

»* 4,000 kWh/kW. 

' 1,200 kWh/kW in 1960 and 2,000 thereafter. 

0 5,500 kWh/kW (in 1065), 6,000 (1970) and 6,500 (1975). 

9.10 Tabic 9.10.1 gives the patterns of consumption, 1950-75 of both 
primary and secondaiy energies. It will be seen that while the average rate 
of increase of total energy will be of the order of 5 per cent per annum, 
that of primaiy' energy will be about 10 per cent. During the Second and 
Third Plans the rate of growth is expected to be higher at about 16 and 12 
per cent respectively, mainly because of the low base from which the 
energy economy is starting and also because of the relatively heavy invest¬ 
ment in energy-intensive capital goods industries during these tw'o plans. 
During the Fomth and Fifth Flans, the economy will have been geared to a 
medium pace of development as far as energy-intensive industries are con- 
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TABLE 9.10.1 

Pattern or Gross Demand rent Energy by Source, 1950-75 

(mice) 


Year 

Coal 

Hydro 

Petro- 

leum 

Nuclear 

Total 

primary 

Secon¬ 

dary 

Total 

energy 

1950 

29.94 

2.40 

4.02 

.. 

36.36 

88.20 

124.56 

1055 

35.63 

3.05 

6.16 

•. 

44.84 

93.73 

138.57 

1960 

62.40 

8.65 

10.63 

* • 

81.68 

97.26 

178.94 

1065 

97.13 

15.50 

16.99 

0.95 

130.57 

99.34 

229.91 

1070 

149.77 

26.00 

27.29 

3.22 

206.28 

97.59 

303.87 

1975 

227.36 

40.20 

44.21 

7.52 

319.29 

88.00 

407.29 


cemed and tlie rate will have come down to almut 10 per cent. Tliis might 
level oflF to 7-8 per cent by the end of this century.*^ 

A comparison between this final pattern and the rough working frame¬ 
work prepared earlier (Table 3.12.2) will show that the final results are 
about 10 per cent higher than the previous rough calculations. The general 
pattern of growtlj, however, shows roughly the same degree of consistency 
as before, in terms of inter-sectoral balances as well as with respect to 
aggregate cpiantities. The results, tlierefore, can be considered as reasonably 
accurate and in line with the general trends of energy growth in other 
countries with similar development characteristics, (vide Fig. 13) 

9.11 In percentage terms (Fig. 14), the share of coal is expected to fall 
to about 71 from 82.4 per cent in 1950 and 79.5 per cent in 1955. This is, of 


TABLE 9.11.1 

Percbktaoe Dtstribution op Gross Energy Consumption by Source, 1950-75 


Year 

Coal 

Hydro 

Petroleum 

Nuclear 

Total 

1950 

82.4 

6.6 

11.0 


100.0 

1955 

79.5 

6.8 

13.7 

.. 

100.0 

I960 

76.5 

10.6 

12.9 

.. 

100.0 

1965 

74.5 

11.9 

13.0 

0.6 

100.0 

1970 

72.5 

12.6 

13.2 

1.7 

100.0 

1975 

71.2 

12.6 

18.9 

2.3 

100.0 
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course, in accord with the general worldwide trend against coal that has been 
in evidence since the beginning of the Second World War. A characteristic 
aspect of the changing energy patterns in India, however, is that tlie fall 
in the coal component is being taken up largely by hydro power instead of 
petroleum. Actually, the share of petroleum would appear to be, contrary 
to general impression, more or less steady at about 13-14 per cent. Its sharp 
rise from 11 to 13.7 per cent during the five-year period 1950-55 can pro¬ 
bably l)e explained by the fact that during tliis period both hydro and coal 
had, on account of certain difficulties, registered only a slight rise of about 
25-30 per cent. Coal and hydro power can be described as slow-maturing 
energies: it takes anything betw’cen 8 and 10 years for a coalfield to deliver 
its projected output and for a major hydro project to take shape and produce 
jjower. It is during the Second Five Year Plan that a substantial effort is 
being directed towards coal and hydro power expansion in order to keep 
pace with the growth of metalliferous and other energy-intensive industries 
planned for during this period. Since the main emphasis dm'ing the next 
few plans will also be on the development of such capital goods industries, 
it would not be um’easonable to assume that the energy pattern would con¬ 
tinue to remain heavily coal and hydro-oriented. Tlie growth of the Soviet 
coal is a case in point: Tlie percentage of coal in the Soviet energy 
output’^® has remained almost stationary at about 60 per cent ever since 
their first Cosplan. The proportion of coal was actually higher in 1955 
(64.8 per cent) than in 1927-28 ( 62.3 per cent), and the proportion of 
petroleum fuels in 1958 ( 32 per cent) was lower than that in 1927-28 ( 35.2 
per cent) or even in 1913 (32.8 per cent). Since 1950, however, there hsis 
been a noticeable shift away from coal—the proportion was reduced to 59.8 
per cent in 1958 from 73.2 per cent in 1950—more or less following the 
general trend towards diversffication of their industrial complex. Another 
point of interest is that Soviet Russia reached between 1949 and 1950 a 
level of crude steel iiroduction*®® expected to be attained by India by the 
end of the Fifth Plan. The Soviet coal production in 1949-50 was 250 mil¬ 
lion tons, slightly higher than India’s requirements (according to this study) 
of alx»ut 230 million tons in 1975. 

9.12 The fact that the current coal output is lagging need not necessarily 
mean that the demand projections are over-estimates. The projections 
subsumed a certain rate of economic growth which, for a number of reasons, 
has not obviously been forthcoming. The index of industrial production 
was expected, according to the plan, to reach 185 by the end of 1960. In 
1958, the index stood at 139, and it might reach 168 by 1900. The lag. 
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therefore, is of the order of 10 per cent wliich would make the likely 
demand in 1960 about 56 million tons. Actually, it may be at least 2 to 3 
million tons less if the steel plants, which account for a considerable slice of 
coal consumption, fail to attain their production schedules. These are diffi¬ 
culties of a temporary nature and there is no reason to believe that they 
would seriously affect the long-term demand projections. Short-term fluctua¬ 
tions can always be superimposed on tlie long-term growth pattern for 
obtaining a measure of short term deviations induced by them so long as 
the basic framework of assumptions governing long-term aspects of economic 
growth remain fmidamentally unaltered. 



CHAPTER X 


SUMMARY AND CONCLUSIONS 

10.1 Altliough this study has generally limited itself to the question of 
demand, the problem of resources, both physical and financial, from which 
the demand has to be met and its economic implications have been consi¬ 
dered wherever possible. These questions are important in themselves and 
deseiTc a closer look than is possible in a specific study of this nature. Hie 
adequacy of resources is already subsumed in the hypothesis regarding the 
ratetmd pattern of economic growth during 1955-75 (vide para 2.3) which 
forms the basis of these projections. Energy is after all a part of the general 
infra-structure necessarj’ for economic development: its own growth condi¬ 
tions and is, in turn, conditioned by tlie latter. Tlie question of resources 
for energy development is thus tied up with the general problem of creating 
and processing resources for the entire economy and cannot really be isolat¬ 
ed from it. The assumjition is that such resources as are necessary to put 
through a programme of energy development outlined in this study will be 
available as and when called for, out of the aggregate resources required 
for overall economic development. This assumption is implicit in tlie very 
basis of these projections. Tlie problem of physical resources is slightly 
difFcrent but this has already been taken into accoimt at appropriate stages 
in this study. 

10.2 It may be pertinent at this stage to ask whether the final results 
given in Tabic 9.10.1 constitute a singular solution to the problem as posed 
at the beginning of this study. In other words, how and to what ext^t 
would the actual requirements be expected to deviate from the pattern 
arrived at here? The factors that might affect the ultimate requirements 
may be roughly divided into (a) fatcors involving official policy ro nsidera- 
tion and (b) those influencing intcr-cnergy substitutions. To take an instance; 
the question of replacement of noii-commerdal domestic fuels by pr imar y 
energy may be theoretically tackled in as many ways as the number of 
primary fuels available for replacement. It may be possible to supply die 
households with coal or soft coke, or with such petroleum-based products 
as kerosene, bottled gas (LPG) and wax (for lighting). The actual pattern. 
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as it may emerge in future, however, is rather difficult to predict, for it is 
likely to be decided, at least in the initial stages, by considerations not 
limited to purely economic. The application of economic criteria in such 
situations can, therefore, be largely a matter of guess and may lead to 
divergent results, not only because the energy requirements would be diffe¬ 
rent but also because a different energy mix would yield different results 
(on account of varying efficiencies of utilization). In deriving the total 
requirements of coal, for instance, it has been assumed that the whole of 
the secondary energy complement in urban households would be replaced 
by coal (through coal-based fuels) by 1975. Although there is a good 
basis for tills assumption, a failure to reach the replacement target would 
lead to a shortfall in the actual reqiiirements"of coal. This might happen 
despite the fulfilment of other economic targets, i.e. targets in which energ)' 
is used as a factor in production and not as a consumer product as in house¬ 
hold consumption. The household component of total energy consumption 
is relatively unaffected (at least during the initial stages) by economic 
growth which may take place without a substantial change in the pattern 
of household energy consumption. In such a situation, the replacement is 
generally a result of deliberate policy decisions which may be only indirectly 
influenced by economic considerations. In as much as these policy consi¬ 
derations fall outside the legitimate domain of economic forecasting, they 
cannot be easily predicted. However, since the decisions CJinnot be taken 
without reference to the planning authorities concerned with energy deve¬ 
lopment, it should be possible to intn)ducc suitable corrections at appro¬ 
priate stages of planning, as and when necessary. The projections are a 
function of a number of variables some of which can be only dimly visua¬ 
lized at present; as soon as they can be ascertained with a greater and more 
dependable degree of precision, they should be introduced into tlie main 
framework where provision has been made for them. These limitations 
apart, the findings of this study are fairly straightforward and are briefly 
sununarized here. 

10.3 Energy ami National Economy. Energy is an essential ov’crhead 
of economic ^xiu'th. A tentative h)'potliesis on tlie behavior of total energy 
consumption in relation to economic activity can be formulated on the b qgj s 
of historical trends and international comparisons. In the iniHfll stages of 
development, consumption of enengy generally grows at a slow'er rate tlian 
GNP, and, tliereforc, unit consumption (i.e. consumption per unit 
GNP) declines with time. Later, at intermediate levels of development— 
when there are marked dianges in the structure of production, mainly 



J20 


demand for energy in INDIA 


consisting in the greater expansion of industry and other activities 
^\'hcTe energy inputs are proportionately higher and in a more intense 
growth of domestic consumption—supply requirements will increase 
at least as rapidly as GXP. Finally, when a liigh degree of development is 
reached and the various production sectors acquire a more stable structure, 
unit consuin|)tion will again decline, this time owing to the po.ssibility of 
improxed efficiency in tlio use of energy and to a partial saturation of resi¬ 
dential demand. India is at the second (i.e. mternicdiate) stage of dex e- 
lopment xvlicn the supply requirements will increase at least as rapidly as 
GXP if not more. 0\ er the past fexv years, the income elasticity of total 
cnergx' consumption was about 0.6, xvhile that of primaiy energy was 
al)out 1.6. 

The energy consumption function can be xx^itten as E =:Ei> + Eo, where 
E is total energy consumed; Ep = energy consumed as a factor in production 
(that is, energy used in industrial and transportation sectors); and E*. = 
energy consumed as a consumer good, mainly in domestic households and 
services, \\"liile Ej, is more directly related to industrial groxvth, E(. is an 
indirect result of rising living standards brought about through more intense 
use of Ep. In India, only 30 per cent of the total energy is consumed in 
productive sectors, the rest being residential consumption. The proportion 
of Ep is expected to increase rapidly as economy progresses. 

10.4 Melhodologif, Starting xxdlh ax-ailable information, the basic 
method (employed has been to make an overall projection of total energy 
consumption and total electricily coasumption relating these to the hyj^o- 
tlicsis of economic development. The overall figure thus obtained serx^es as 
a useful frame of reference for dimensional analysis and as a guide for fur¬ 
ther sectoral breakdoxvns xvhich can then be aggregated to give a more 
accurate estimate of total demand. Projections of energ)’ demand by means 
of a selective anal)'sis of the various economic sectors is a move accurate 
xx'ay of ascertaining the distribution of to|al energy consumption by type of 
fuel and of examining the possibility of replacing one type of fuel by 
another. In the more dex^clopcd countries, there is no great difference 
betxvccn the method by sectors and the overall mctliod, but in a country 
like India, the change in economic structure and the scope it prox'ides for 
a more rapid substitution of traditional fuels by commercial variety is a 
major factor to be taken into account. The sectoral analysis has been 
carried further into ceituin specific activities within that sector viz. iron and 
steel, cement etc. in the industrial sector, and road and rail transport in the 
transportation sector. The next point to be examined is the breakdoxvn of 
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total energy by type of energy. Since electricity as a source of mechanical 
power is a very special and characteristic form of energ)% estimates of elec* 
tiicity demand are made separately for difiFerent sectors, and then subtrac-ted 
from the total energy demand to obtain requirements of coal and petroleum 
products. By isolating such exclusive sources of energy as motor spirit for 
automobiles, kerosene for hghting and coke for iron smelting etc., the aggre¬ 
gate demand for coal and oil has been further broken down into its coal and 
oil constituents on certain broad assumptions as regards the future possi¬ 
bilities of their substitution. The demand for electricity is also broken down 
into thermal, hydro and nuclear sources and an estimate made of installed 
cajjadties necessary to meet this demand. 

The model of economic growth adopted here aims at roughly doubling 
the per capita income from Rs. 281 in 1955-56 to Rs. 564 in 1975-76. This 
follows the line of development postulated in the Second Five Year Plan 
v ith a slight modification towards the end of the 20-year period. 

10.5 Overall Projections. This is concerned mainly with overall 
energy projections on the basis of certain demand elasticities and their 
breakdown into broad sectoral requirements. Total effective energy 
demand is seen to grow from 131 mtee in 1955 to about 316 mtee by 
1975 (Table 3.12.2). Tlie growth of industrial energy is expected to be 
more than five-fold, while the requirements of transportation will increase 
le.ss than three-fold from about 12 mtee to 28 mtee. Because of the 
rapid giowth of the industrial and transportation sectors, the ratio of 
primaiy to secondary energy is expected to go up sharply to 3.6 in 1975 
from 0.47 in 1955: primary energy will have overtaken secondary energy 
sometimes between 1960 and 1965. The domestic requhements at present 
are almost entirely met by secondary fuels, only about 4 per cent of the 
demand being met by primary sources. By 1975, over 40 per cent of the 
demand is expected to be met by coal—or petroleum-based fuels, if the 
whole of the secondary energy complement of domestic requirements is 
replaced by primary energy substitutes by that date. 

10.6 Electricity. Demand for electricity not only tends to grow more 
rapidly than that of otlier types of energy but also at a much higher rate 
than net national output. This means that there is a constant increase in 
consumption of electricity per unit of national product. In India, the 
number of kWh per rupee of net output increase from 0.0766 in 1950 to 
0.110 in 1956. In other countries, the relative rate of growth can be judged 
from the fact that while CNF increases at tire rate of about 3-4 per cent 
annually, electricity consumption usually doubles itself in about ten years. 
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Since industry is the main consumer of electricity, the relationship 
between the index of industrial production and power generation can pro¬ 
vide a reasonably fim basis for assessing future power requirements. On 
this basis, efiFective requirements of electricity have been worked out at 
17,000, 33,600, 61,500 and 108.000 million kWh by 1960,1905, 1970 and 1975 
raspectively. Broad sectoral breakdowns are obtained for as many sectors 
as possible beginning, of course, with the industrial sector. Here, the 
notion of “co-efficient of electrification”, i.e. the number of kWh per unit 
input of total energy, is foimd extremely useful in assessing the relative 
requirements of electricity in different industries. Tl)e requirements of 
households for lighting and heat ha\’e been derived on the basis of certain 
assumptions with regard to the growth of urbanization and rural elec¬ 
trification, and higher consumption due to rising living standards. Tlie use 
of electricity in households is essentially a function of the degree of urban¬ 
ization and so is its use in public (street lighting, water\vorks, etc.) and 
commercial ser\'’ices. Traction accounts for a negligible percentage of elec¬ 
tricity consumption at present but rvith growing densities of railway traffic 
and the general need for raising the overall efficiency of utilization of fuels 
on the railways, this proportion is expected to go up and may accoimt for 
about a third of tire total traction capacity by 1975-76. All these sectoral 
demands, when aggregated, give the total effective demand for electricity 
w'hich is found to be fairly close to the figure obtained from the ‘overall’ 
approaclr. The sectoral breakdowns are only approximate at this stage but 
they provide an electrical framework corresponding to the total energy 
framework derived earlier. 

10.7 Consumption in households. Although the total domestic require¬ 
ments of heat and light in the countr}' can be estimated with a reasonable 
degree of accuracy, an element of gue.sswork is involved in disaggregating 
the total into its components by tjqie of energy. Domestic heat can be pro¬ 
vided by coal (soft coke and coal gas), kerosene and bottled gas, and elec¬ 
tricity. Starting with urban households, it is assumed that their entire heat 
requirements wall be met by primar)' fuels by 1975. In rural households, 
wood and dung will continue to be tbe main soiurce of heat for cooking until 
such time as tliey are replaced by coal-based fuels (which is unlikely to be 
the case before 1975). Lighting will be mainly by electricity in urban 
areas and by kerosene in rural households. Tliesc estimates need ^not be 
taken as final, for a great deal will depend on the nature and quality of pri¬ 
mary fuels developed in the future for domestic use, for not all of them can 
be considered as adequate substitutes for each other. The general assump- 
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tion is tliat (1) expansion of coal gas and LPG supplies will lead to a de¬ 
cline in demand for kerosene (for cooking): and (2) expansion of soft coke 
suppUes will not materially affect the demand for kerosene although soft 
coke will certainly replace wood fuel and cow-dung if the price is 
favourable. The whole pattern of domestic energy' consumption in India 
will be decided by the speed with which primary energy substitutes, in the 
form of coke or gas, are made available to consuming households in the 
near future. Tlie Council has recently studied this problem in some detail 
and recommended e«ly and prompt official action in this regard (vide 
Domestic Fuels in India, NCAER, 1959). 

10.8 Transportation energy. It Is useful to consider this under two main 
categories, rail and road traffic, wliich behveen them account for over 90 
per cent of the total energy' consumed in transportation. Rail traffic can be 
further sub-divided into industrial and non-industrial (that is, mainly agri¬ 
cultural), the former having a close correlation with the index of industrial 
production, and the latter with total consumption of foodgrains in the 
country. Passenger traffic has been assumed to grow about half as fast as 
goods traffic. On this basis, estimates of total coal requirements work out 
as 17, 23, 31 and 42 million tons by 1960, 1965, 1970 and 1975 respectively, 
llicse would be the total requirements if tlie whole of the traffic were 
carried by steam locomotives. However, tlie need to improve the overall 
efficiency’ of the sy'stem and reduce consumption of high grade coal (in 
steam locomotives) is expected to bring about a shift from steam to more 
efficient modes of traction. Electrification is considered more suitable for 
Indian conditions than dieselization, and it is assumed that (1) 30 per cent 
of the tractive capacity will be electrified by 1975 and (2) shunting ser¬ 
vices will be operated exclusively by diesel traction. On this basis, about 
half the total energy requirements are expected to be met by coal (i.e. 
steam traction) and the rest by electricity and diesel. 

Road traffic has been estimated by deducting railway traffic from the 
total long-distance traffic that is expected to be generated within the eco¬ 
nomy in the next few decades. It will probably reach 165 million tons by 
1975-76, a considerable increase from its current size of less tlian 10 million 
tons. The total traffic is further sub-divided into long-distance, feeder and 
local traffic and the number of trucks required for each derived on the basis 
of certain coefficients. It is assumed that the whole of the long-distance 
traffic will be carried by diesel vehicles in future, the entire local traffic by 
petrol vehicles, and the feeder traffic by a combined fleet of diesel and 
petrol vehicles. Similar estimates are made for passenger buses and motor 
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cars. Tliis detailed breakdown of vehicles serves as the basis for calculating 
diesel and petrol requirements. Shipping and aviation requirements can be 
added to this to give total transportation energy by type of fuel. 

10.9 Energy in Industry. Demand for energy in industry is considered 
under four principal heads, namel)', mining, factory establishments, small 
enterprises and construction. Of these, factory establishments are certainly 
the most energy-intensive, but since the patterns of energy consumption 
vary as between different kinds of industry, a more detailed breakdown is 
attempted by sub-dividing this main manufacturing block into metal, non- 
metal, textiles and miscellaneous industries. Using suitable unit co¬ 
efficients, their requirements of total energy have been worked out as also 
their electricity needs. The non-electricity demand, which is mainly heat, 
has to be met by either coal or petroleum, and this breakdown is effected 
on the basis of certain assumptions as regards their comparative advantages 
(price, efficiency etc.) in future. The question of availability of indigenous 
oil supplies, a crucial factor in assessing the growth of petroleum consump¬ 
tion, is largely a matter of speculation and may ultimately decide the degree 
of shift away from coal that is currently evident in the world at large. In 
countries with roughly the same coal/petrolcum pattern as India’s, the 
petroleum coeflBcient has been found to be growing at a rule of 4-6 per cent 
annually. A lower rate has been adopted in this study. 

10.10 Energy in Agriculture. Energy inputs in agricidture are, roughly 
speaking, a function of the lc\ cl of agricultural techniques adopted, the 
levels varying not only from country to country but also from region to 
region within the same country. Countries with a high level of agiicultural 
technology possess, with few exceptions, also high levels of industrial and 
general economic development, and xice-versa. The indirect energy inputs 
which flow to agriculture through other sectors (such as fertilizers) have 
already been taken care of; the direct inputs accrue through mechanization 
of cultivation and of irrigation practices. The area under irrigation is 
expected to go up to 112 million acTes by 1975-76 and it is assumed that 
roughly half of this will come under mechanical cultivation. The number 
of tractors required will thus be about 560,000 in 1975-76, which is roughly 
the number Soviet Um'on had in 1938-39. If the Indian food problem is 
tackled as a measure of tire most serious economic and political emergency, 
then the target of 560,000 tractors by 1975 'may actually be an under¬ 
estimate. 

An additional small number of tractors will be required for reclamation 
purposes. Their number, however, will not exceed a thousand since abotit 
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a million acres of waste land arc expected to be reclaimed annually. The 
requirements of oil (for all types of tractors) will reach one million tons by 
1975-76. In addition, about half a million tons will be needed by oil engines 
for pumping. 

10.11 These sectoral projections can be summated to gi^'e aggregate 
requirements of energy by form of energy viz. coal, electricity and petro¬ 
leum. Electricity has at least three conventional sources—coal, hj'dro power 
and oil—and may well be derived from nuclear sources by the time we reach 
the end of the third quarter of this century. Of these four likely sources, 
coal and hydro power will continue to be the more important ones, and a 
comparative assessment of tliese two types of generation indicates that 
while, in the short run, thermal pow'er may have a temporary advantage 
over liydro power, the balance is likely to swing in favour of the latter in 
the near future. It is therefore assumed that the growth of hydro power 
will be relatively more rapid than that of thermal power. It is also assumed, 
on the basis of an assessment of conventional energy resources, that “thres¬ 
hold conditions for the entiy of nuclear power are slowly taking shape in 
the country” and that nuclear power may constitute about 9 per cent of the 
total power generated in 1975-76. After allowing for transmission losses etc 
the pattern of generation by source of energy has been finally determined 
which indicates that 48 per cent of output will be hydro-electricity, about 
41 per cent will be derived from coal, 2 per cent from petroleum sources 
(including natural gas) and the remaining 9 per cent will be nuclear. Total 
installed capacity will be 36.4 million kW in 1975-76, of which 16.5 will 
be steam, 16.7 will be hydro, and 1.92 will be nuclear. 

10.12 Estimates of gross requirements follow more or less automatically 
and are given in Table 9.10.1. It is interesting to note that while the 
average rate of increase of total energy is of the order of 5 per cent per 
annum, that of primary energy w'ill be about 10 per cent. During the 
Second and Tliird Plans the rate of growth is expected to be higher at alrout 
16 and 12 per cent respectively, mainly because of the low base from which 
the energy economy is starting and also because of the relatively heavy 
investment in energy-intensive capital industries during this period. 

In percentage terms, the share of coal is expected to fall to about 71.0 
from 82.4 per cent in 1950 and 79.5 per cent in 19.55. This is, of course, in 
accord with the worldwide trend against coal that has been in evidence 
since the beginning of the Second World War. The fall in the coal com¬ 
ponent is, however, being taken up by hydro power instead of petroleum. 
Actually, contrary to popular impression, the share of petroleum is expected 
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to be more or less steady at about 13 to 14 per cent. The Indian aiergy 
economy in 1975 will be substantially a coal-based economy, and even by 


FIGURE 15 

Per capita Consumption of PiirMARy and Total Energy, 
1950 TO 1975. 



A.D. 2000 it may have as high a proportion of coal as 55 to 60 per cent It 
may perhaps be mentioned liere that as recently as 1946, coal provided 
nearly half of all the fuel energy consumed in the United States. 

In per capita terms (Fig. 15), primary energy consumption is expected to 
reach 0.62 tee in 1975 from tlie current level of less than 0.20 tee. Consi¬ 
dering that the level of consumption as recently as 1950 was only 0.10 tee, 
the six-fold increase in twentyfive years amounts to an energy 'explosion' 
unprecedented in our history and is a measure of industrial and economic 
development that the future is expected to bring to India. Despite this 
considerable increase in consumption, the average per capita level in 1975 
will only be about one-fifteenth of the current per capita consumption in 
the United States. 
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TABLE I 

CONSUMPTION OF PRIMABY AND SSCONDASY ENERGY 

IN India by Sectors, 1950 
(thousand tee) 



Net 

coal* 

Electri¬ 

city 

It 
% • 

Total 

primary 

Total se¬ 
condary 

Total 

energy 

1. Agriculture and 

Allied Activities 

276 

145 

153 

574 


574 

2. Industry 

(a) Metal 

3,863 

750 

72 

4.685 

22 

4,707 

(b) Non-metal 

1,302 

348 

32 

1,682 

8 

1,690 

(c) Textiles 

1,778 

1,293 

210 

3,281 

5 

3,288 

(d) Rest 

3,669 

1,036 

651 

5,356 

200 

5,556 

Total Industry 

10,612 

3,427 

965 

15,004 

235 

15,239 

3. Transport 

(a) Railways 

8,319 

430 

95 

8,844 

7 

8,851 

(b) Automobiles 

— 


895 

895 


895 

(c) Aviation 

— 

— 

109 

109 


109 

(d) Shipping 

313 

— 

45 

358 

— 

358 

Total Transport 

8,632 

430 

1,143 

10,205 

7 

10,212 

4. Domestic 
(a) Heat 

1.440 

70 

133 

1,643 

87,930 

89,573 

(b) Light 


401 

1,195 

1,596 

— 

1,596 

Total Domestic 

1,440 

471 

1,328 

3,239 

87,930 

91,169 


(Contd. overleaf) 
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T B L E I — contd. 



il 

•Sf 

Electri¬ 

city 


Total 

primary 

Total se¬ 
condary 

Total 

energy 

5. Public and Com- 







mercial Services' 

348 

501 

— 

849 

— 

849 

6. Miscellaneous and 







unaccounted for 

208 

— 

120 

328 

21 

349 

EffccLive Consumption 21,516 

4,974 

3,709 

30,199 

88,193 

118,392 

7. Transport of Energy 







(a) Coal 

1,680 

— 

SO 

1,710 

•— 

1,710 

(b) Electricity 

— 

630 

— 

630 


630 

(c) Petroleum 

148 

— 

8 

156 

— 

156 

Total transport of 







energy 

1,828 

630 

38 

2,496 

— 

2,496.0 

8. Extraction and Pro- 







cessing of Energy 





\ 

(a) Collieries 

2,310 

270 

41 

2,621 

— 

2,621 

(b) Electric 







' generation 

■ — 

225 

— 

225 


225 

(c) Hefinerles 

— 

3 

38 

41 


41 

Total Extraction and 






Processing 

2,310 

498 

79 

2,887 

— 

2,887 

Net Consumption 

25,654 

6,102 

3,826 

35,582 

88,193 

123,775 

9. Losses 

666 

103 

9 

780 

— 

780 

Gross Consumption 

26,320 

6,207 

3,835 

36,362 

88,193 

124,555 


» Excluding coal used in electricity generation. 

Excluding petroleum used in electricity generation. 

— nil or negligible. 

Source : National Council of Applied Economic Reeeareb. 
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TABLE XZ 

CONSUMPTION OF PRZMABY AND SECONDARY ENERGY 

IN India by Sectors, 1955 
(thousand tee) 



V 

Electri¬ 

city 

5 te! 
s- a 

I''* 

Total 

primary 

Total se¬ 
condary 

Total 

energy 

1. Agriculture and 

AlUed Activities 

723 

199 

255 

1,177 

_ 

1,177 

2. Industry 
(a) Metal 

3,630 

953 

67 

4,650 

22 

4,672 

(b) Non-metal 

1,976 

752 

45 

2,773 

9 

2,782 

(c) Textiles 

1,954 

1,776 

225 

3,955 

6 

3,961 

(d) Rest 

3,516 

1,800 

987 

6,303 

200 

6,503 

Total Industry 

11,076 

5,281 

1,324 

17,681 

237 

17,918 

3. Transport 

(a) Railways 

9/tn 

415 

68 

10,200 

4 

10,204 

(b) Automobiles 

— 

1,367 

1,367 

— 

1,367 

(c) Aviation 


■— 

169 

169 

— 

169 

(d) Shipping 

279 

— 

68 

347 

— 

347 

Total Transport 

9,996 

415 

1,672 

12,083 

4 

12,087 

4. Domeistic 

(a) Heat 

1,844 

123 

206 

2,173 

93,425 

95,598 

(b) light 


542 

1,854 

2,396 

— 

2,396 

Total Domestic 

1,844 

665 

2,060 

4,569 

93,425 

97,994 


(Contd. overleaf) 
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TABLE II—COntd. 


Net 

coal* 

a 

1 

It 

Is 

Hr • 

Total 

primary 

Total se¬ 
condary 

Total 

energy 

5. Public and Com- 

mercial Services 435 

607 

— 

1,042 

— 

1,042 

6. Miscellaneous and 

unaccounted for 671 

— 

171 

842 

67 

909 

NSective Consumption 24,745 

7,167 

5,481 

37,393 

93,733 

131,127 

7. Transport of Energy 

(a) Coal 2,110 

— 

44 

2,154 

— 


(b) Electricity — 

Tie 

— 

716 

— 

' 

(c) Petroleum 218 

— 

11 

222 

— 

— 

Total transport 

of energy 2,328 

716 

55 

3,099 

— 

3,099 

8. Extraction and Pro¬ 
cessing of Energy 

(a) Collieries 2,149 

304 

89 

2,492 



(b) Electric 

generation — 

355 

w 

355 

mmm 


(c) Refineries 9 

32 

271 

312 

— 


Total extraction 
and processing 2,158 

691 

310 

3,159 

— 

8,159 

Net Consumption 29,231 

8,574 

5,846 

43,651 

93,733 

137,884 

9. Losses 922 

138 

128 

1,188 


1,188 

Cross Consumption 30,153 

8,712 

5,974 

44,839 

93,733 

138,572 


• Excluding coal used in electricity generation. . 

^ Excluding petroleum used in electricity generation. 

— nil or negligible. 

SouRCB: National Council oX Applied Economic Research, 


TABLES 


133 


TABLE XIZ 

PBOJBCTBB ]>EMAK]> FOR PRIMARY ENERGY IN lNX>XA^ 1060 

(thousand tee) 



Net 

coal* 

Electricity 

Net 

petroleum^ 

Total 

primary 

1. Agriculture and 

Allied Activities 

1,000 

378 

450 

1,828 

2. Industry 

(a) Metal and Non-metal 

16,960 

6,100 

433 

23,495 

(b) TexUles 

2,290 

2,310 

342 

4,942 

(c) Rest 

4,890 

2,690 

1,560 

9,140 

Total Industry 

24,140 

11,100 

2,337 

37,577 

3. Transport 

(a) Railways® 

14,040 

840 

137 

15,017 

(b) Automobiles 

— 

— 

3,150 

3,150 

(c) Aviation 

— 

— 

280 

280 

<d) Shipping 

450 

— 

100 

550 

Total Transport 

14,490 

840 

3,667 

18,997 


— 

-- •• 

--- 

— 

4. Domestic 

(a) Heal 

4,582 

238 

420 

5,240 

(b) lAght 

— 

813 

2,573 

3,386 

Total Domestic 

4,582 

1,051 

2,993 

8,626 

5. Public and Commercial 

Services 

600 

1,072 

— 

1,672 

6. Miscellaneous and 

unaccounted for^ 

1,000 

— 

250 

1,250 

Effective Consumption 

45,812 

14,441 

9,697 

69,950 


* Excluding coal used in electricity generation. 

>> Excluding petroleum used in electricity generation. 

^ Including coal and petroleum carried by Railwasrs. 

^ Including construction, 
nil or negligible. 

SoimcE : National Council of Applied Economic Research. 
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TABLE IV 

PROJECTED Demand for Primary Energy in India, 1965 


(thousand tee) 


* 

Net coal* 

Electricity 

Net 

petroleum^ 

Total 

primary 

1. Agriculture and Allied 
Activities 

1.500 

674 

780 

2,954 

2. Industry 





(a) Metal and Non-metal 

(b) Textiles 

(c) Rest 

28,810 

2,590 

7,620 

12,000 

3,100 

4,900 

890 

492 

2,780 

41,700 

6,182 

15,300 

Total industry 

39,020 

20,000 

4,162 

63,182 

3. Transport 





(a) Railways<^ 

(b) Automobiles 

(c) Aviation 

(d) Shipping 

16,560 

900 

1,560 

378 

4,950 

460 

150 

18,498 

4,950 

460 

1,050 

Total transport 

17,460 

1,560 

5,938 

24,958 

4. Domestic 

(a) Heat 

(b) Light 

9,088 

462 

1,232 

910 

2,847 

10,460 

4,079 

Total Domestic 

9,088 

1,694 

3,757 

14,539 

5. Public and Commercial 
Services 

900 

1,700 


2,600 

6. Miscellaneous and 
unaccounted for^ 

1,500 

— 

375 

1,875 

Effective Consumption 

69,468 

25,626 

15,012 

110,108 


> Excluding coal used in electricity generation. 

^ Excluding petroleum used in electricity generation. 

«Including coal and petroleum carried by Railways. 

^ Including construction. 

— nil or negligible. 

Source : National Council of Applied Economic Research. 
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TABLE V 

pBOJBOTED Demand for Primary Energy in India, 1070 

(thousand tee) 



Net 


Net 

Total 


coal* 

Electricity 

petroleum^* 

prim-ary 

1. Agriculture and Allied 





Activities 

2,500 

1,136 

1,312 

4,948 

2. Industry 





(a) Metal and Non-metal 

44,930 

21,100 

1,870 

67,900 

(b) Textiles 

2,960 

4,000 

740 

7,700 

(c) Best 

11,180 

7,850 

4,(-20 

23,650 

Total Industry 

39,070 

32,950 

7,230 

99,250 

3. Transport 





(a) Railways^: 

19,030 

2,600 

783 

22,418 

(b) Automobiles 

— 


8,250 

8,260 

(c) Aviation 

— 

— 

750 

750 

(d) Shipping 

1,500 

—• 

225 

1,725 

Total Transport 

20,530 

2,600 

10,013 

33,143 

4. Domestic 





(a) Heat 

18,673 

857 

1,250 

20,780 

(b) Light 

— 

.1,798 

3,152 

4,950 

Total Domestic 

10,673 

2,655 

4,402 

25,730 

5. Public and 





Commercial Services 

1,500 

2,580 

— 

4,080 

6. Miscellaneous and 





unaccounted ior^ 

2,500 

— 

600 

3,100 

Effective Consumption 

104,773 

41,921 

23,557 

170,251 


Excluding coal used in electricity generation. 

^ Excluding petroleum used in electricity generation. 

«Including coal and petroleiun carried by Railways. 

^ Including construction. 

— nil or negligible. 

Source : Nationgl Council of Applied Economic Research. 
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TABLE VZ 

Projected Demand for Primary Energy in India* 1975 

(thousand tee) 


Net coal* Etectricity 


Net Total 

petrolevm^ primary 


1. Ain^iculture and Allied 


Activities 

4,000 

1,800 

2,280 

8,080 

2. Industry 





(a) Metal and Non-metal 

64,130 

31,500 

3,375 

99,005 

(b) Textiles 

3,380 

5,070 

1,120 

9,570 

(c; Rest 

18,450 

13,800 

8,750 

41,000 

Total Industry 

85,960 

50,370 

13,245 

140,575 

3. Transport 





(a) Railways® 

20,700 

4,190 

1,508 

26,398 

(b) Automobiles 

_ 

— 

13,600 

13,600 

(c) Aviation 

— 


1,200 

1,200 

(d) Shipping 

2,500 

— 

340 

2,840 

Total Transport 

23,200 

4,190 

10,648 

44,038 

4. Domestic 





(a) Heat 

37,305 

1,625 

1,670 

40,600 

(b) Light 


2,840 

• 3,472 

6,312 

Total Domestic 

37,305 

4,465 

5,142 

46,912 

5. Public and 





Commercial Services 

3,000 

4,110 

— 

7,110 

6. Miscellaneous and 





unaccounted for^ 

4,000 

— 

900 

4,900 

Effective Consumption 

1.57,465 

64,935 

38,215 

260,6X5 


•Excluding coal used in electricity generation. 

^ Excluding petroleum used in electricity generation. 

«Including coal and pcti’oleum carried by Railwa 3 rs. 

Including construction. 

— nil or negligible. 

Source : National Council of Applied Economic Research. 
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Coefflcients of Conversion: The Xollowing coc^cients of conversion have been 
used m this study: 1 pound of coal = 11,000 btu; 1 ton of coke = 0.9 tons of 
coal; 1 ton of petroleum = 1.5 tons of coal; 58,000 cubic feet of gas = 1 ton of 
coal; electricity conversion coefficients vary from year to year, depending upon 
the thermal efficiencies of power statistics (vide para 4.11 and Table 4.11.2). 


‘World Energy Requirements’, Peaceful Uses of Atomic Energy, Depart¬ 
ment of Economic and Social Affairs, United Nations, Vol. I, pp. 1-29; 
United Nations Statistical Papers J-1; Statistical Yearbook (1955), United 
Nations. 

World utilization of useful heat and power in 1952 was as follows: 

(BiUion mWh) 


Useful Useful 

heat power 


Agriculture 

— 

0.3 

0.3 

Transport 

— 

0.8 

0.8 

Industry 

5.2 

0.6 

5.8 

Households etc. 

2.9 

0.4 

3.3 

Total 

8.1 

2.1 

10.2 


Source: Peaceful Uses of Atomic Energy, Vol. I, 1956, p. 5. 

3 Power requirements (kWh) for certain electro-process materials (per ton 
of product) are roughly as follows: titanium metal, 40,000; aluminium 
metal, 18,000; 95 per cent silicon metal, 17,500; electrolytic magnesium, 
16,000; 35 per cent hydrogen peroxide (100 per cent basic) 16,000; electro¬ 
lytic manganese, 10,200; silicon carbide, 8,600; 70 per cent ferro-tungsten, 
7,600; sodium chlorate, 5,200; rayon, 5,200; phosphoric acid (via electric 
furnace) 3,900; electrolytic zinc, 3,400; chlorine, 3,000. [Adapted from 
chart of ‘Process Power Requirements’, Chemical Engineering, March 1951, 
P.115.J 

4 ‘As the normal functioning of an underdeveloped economy does not gene¬ 
rate growth, whatever growth occurs must be the result of factors external 
to the growth-determining rotations. These external factors will be called 
‘shocks’. Shocks are not necessarily random events; they can be such items 
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as exceedingly favourable weather conditions leading to excellent harvests* 
discoveries of new material sources and production processes, wars, foreign 
investments, economic aid, or the impact of international trade and govern* 
ment policies. In particular, these shocks may be the result of conscious 
policy decisions... the strategy of economic development planning consists 
of first identifying the shocks which will result in an increase in per capita 
income, and then administering such shocks until the cumulative effect of 
the disturbances transforms the economy from an underdeveloped economy 
to one in which self-sustained growth occurs/ Hyman P. Minsky, 'Indicators 
of the Developmental Status of an Economy*, Economic Development and 
Cultural Change, January 1959. 

5 Putnam P. C., Energy in the Future, 1953, pp. 72-96. 

6 *In an underdeveloped economy, whenever an increase in real GNP occurs, 
either it is not sustained or it is quite readily offset by a rise in population. 
A limiting form of underdevelopment is found in the stagnant economies 
in which net savings, net investment, and the net change in population are 
all zero. A particular type of stagnant economy is the vinderdeveloped 
conomy in which the per capita real gross national product is so low that 
a large proportion of the population is at or close to the biological subsist¬ 
ence level. In addition to the subsistence stagnant state, stagnation can 
occur at per capita incomes higher than the biological subsistence level. 
This occurs when an economy reverts to the underdeveloped state after a 
period in which per capita incomes are increasing and population growth 
does not offset the cumulated increase in real per capita income.* Hyman 
P. Minsky, Economic Development and Cultural Change, January 1959. 

7 


Energy Input and Gross National Product 


Year 

Total 

primary^ 

Total 

secondary^ 

Total 

energy^ 

Total 

GNP^ 

Energy per 
million 
rupees* 

1950 

30.2 

88.2 

118.4 

88.7 

1.335 

1951 

30.9 

88.9 

119.8 

91.2 

1.313 

1952 

32.2 

90.3 

122.5 

94.7 

1.293 

1953 

33.7 

91.4 

125.2 

100.3 

1.248 

1954 

35.2 

92.6 

127.8 

102.8 

1.242 

1955 

37.4 

93.7 

131.1 

104.8 

1.251 

1956 

40.5 

94.9 

135.4 

110.0 

1.231 


« Thousand tons of coal equivalent; Source: National Council of Applied Eco¬ 
nomic Research. 

^Million rupees at 1948-49 prices; Source: Estimates of Notional Income, 1958. 
Central Statistical Organization. 
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Productivity and Tins Amount of Powered Equipment Ikstalibd 
PER Wage-earner, in the Manufacturzng Industries of Selected 

Countries 


Output per 
production 

Country Year worker maU'^ Installed 

hour (inter- HP per worker 
national units) 


u.s. 

1899 

0.382 

2.18 


1909 

0.401 

2.88 


1925 

0.803 

4.37 


1929 

0.904 

4.91 


1939 

1.187 

6.42 


1947 

1.434 

8.10 

U.K. 

1907 

0.191 

1.37 


1924 

0.293 

2.38 


1930 

0.337 

2.83 

France 

1931 

0.281 

2.50 

Germany 

1933 

0.429 

2.70 

U.S.S.R. 

1928 

0.200 

1.30 


1934 

0.170 

1.80 


Source: Seymour Melman, Dynamic Factors in Industrial Productivity, 
Oxford, 1956, p. 212. 

9 **The process of economic development characteristically involves an in¬ 
crease in the proportion of the total national product originating outside 
agriculture. As per capita output rises, the output of agriculture rises less 
than in proportion to total national output; while the output of industry, 
and the non-agricultural part of the economy generally, rises faster than 
overall output.” [Second Five Year Plan, Planning Commission, Govern¬ 
ment of India, 1956, p. 13.] Egbert Devries has derived from the data on 
thirty-four countries the generalization that for every 10 per cent increase 
in per capita real income, the fraction of national income arising from agri¬ 
culture drops by 1% percentage points. A similar generalization elaborated 
in particular by Colin Clark (The Conditions of Economic Progress) is that 
economic development involves faster growth in the secondary and tertiary 
sectors of the economy than In the primary (extractive) sector. 

10 Second Five Year Plan, pp. 11-5; Coale A. J. and Hoover E. M., Popula¬ 
tion Growth and Economic Development in Low-Income Countries, 1956, 
pp. 121-3. 
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11 'Continued growth of national income and employment requires simulta- 
neous development all over the economy. In agriculture and allied pur> 
suits, the net output per worker is at present barely one-filth of that in 
mining and factory establishments, and it is one-third of the net output 
per worker in the trade and services sector. Development involves a trans¬ 
fer of part of the working force from agriculture to secondary and tertiary 
activities, but this, in turn, pre-supposes an increase in productivity in 
agriculture itself, if the food and raw material requirements of a develop¬ 
ment economy are to be met. Improvements in agriculture through irriga¬ 
tion, supply of better seed and fertiliser and through adoption of more 
efficient techniques are thus the basis on which the secondary and tertiary 
sectors have to be expanded. These latter call for relatively large invest¬ 
ment per worker employed, so that the degree of shift that can be secured 
is ultimately related to the amount of investment effort that the ft/»n«nn iy can 
put forth.* Second Five Year Plan, pp. 12-3. 

12 The consumption pattern has been given in detail in Tables I and II, to 
which a reference may be made. Percentage consumption for 1958 is’ as 
indicated below: 


Sector Percentage consumption 


Agriculture 

of energy 

0.85 

Industry* 

13.50 

Transport^ 

9.25 

Domestic 

G9.50 

Miscellaneous services 

1.60 

Effective consumption 

94.70 

Transport & Processing 
of energy 

4.70 

Net consumption 

99.40 

Losses* 

0.60 

Gross consumption 

100.00 


•excluding energy-inrocessing industries. 
i» excluding transport of energy. 

® lost in conversion of energy. 

Sooaca: National Council of Applied lieoDomlc iWfa r"*« 
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13 Energy consumption originating in industrial sectors in the United States. 
1047: 


Sector Energy consumption 


Agriculture* 

1012 btu 

887 

Mining and quarrying^ 

1,114 

Transport® 

8,640 

Manufacturing 

9,611 

Domestic and commercial 

9,504 

Military 

269 

Non-fuel use 

1,345 

Miscellaneous, losses and 

- 

unaccounted for 

2,146 

Total internal consumption 

33,516 

Exports 

3,007 

Total supply 

36,523 


• including forestry and fisheries 

• including crude petroleum and natural gas 
< including pipelines 

Source: Mason E. S. et al., Tnergy Requirements and Economic 
Growth’, Peaceful Uses of-Atomic Energy, p. 57. 

14 Domestic Fuels in India, National Council Of Applied Economic Research, 
1959. 

15 'After analysing the historical behaviour and international situation, it seems 
advisable to formulate a tentative hypothesis on the behaviour of consump* 
tion of total energy in relation to economic activity, mainly on account of 
the indications which may be derived as to future energy requirements. In 
the initial stages of development, consumption of energy generally grows at 
a dower rate than the gross product and therefore unit consumption will 
decline (product elasticity well below unity). Later, at intermediate levels 
of development—where there are marked dumges in the structure of pro« 
duction, mainly consisting in the greater expansion of indxistry and other 
activities whose energy inputs are proportionately hi^er and in a more 
intmise growth of residential consumption-supply requlrments will in¬ 
crease at 1^ as intensely as the gross product (product elasticity close to 
imity). Finally, when a high degree of development is reached and the 

■ various production' sectors acquire a mora stable structure, unit consump- 
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tion wiU again decline, this time owing to the possibility of improved efR* 
ciency in the use of energy and to a partial saturation of residential de¬ 
mand/ Energy in Latin America, U.N. Economic Commission for Latin 
America, 1957, p. 26. 

16 Robinson E. A. G. and Daniel G. H., ‘The World’s Need for a New Source 
of Energy’, Peaceful Uses of Atomic Energy, pp, 39-40 

17 ‘The socialist pattern of society is not to be regarded as some fixed or rigid 
pattern. It is not rooted in any doctrine or dogma. Each country has to 
develop according to its own genius and traditions.... It is neither neces-. 
sary nor desirable so that the economy should become a monolithic type of 
organization offering little play for experimentation either as to forms or 
as to modes of functioning.... Economic policy and institutional changes 
have to be planned in a manner that would secure economic advance along 
democratic and egalitarian lines.* Second Five Year Plan, pp. 23-4, 

13 The most obvious indicator of the development status of an economy is 
the level of per capita real gi'oss national product. Even though there is no 
simple way of equating per capita real gross national product with econo¬ 
mic welfare (presumably, the purpose in fostering economic development 
is to increase economic welfare) it remains the best single indicator of 
where an economy is. In this study, the generic term income is generally 
used in place of the technical term gross national product 

19 Second Five Year Plan, p. 11. 

This study was more than half way through before it became apparent that 
the population growth was faster than that assumed in this model. Since 
total primary energy consumption is more directly related to total output 
than per capita incomes, the projections of total energy demand remain sub¬ 
stantially unaffected, particularly as, even by 1975, about 85 per cent of the 
total primary consumption will still be iii non-domestic sectors. For a detail¬ 
ed discussion of the influence of population growth on economic develop¬ 
ment, see Coals A. J. and Hoover E. M., Population Growth and Economic 
Development in Low^lncome Countries, Princeton, 1958. 

26 In the U.S.A., it was less than 2.5 per cent in 1947 (Mason E.S. et al, 
Peaceful Uses of Atomic Energy, p, 57); in Latin America, it varies between 
1.5 to 2 per cent (Energy in Latin America), 

21 Putnam P.C., Energy in the Future, 1953, pp. 72-96. 

22 V.. while the production of pig iron and ferro-alloys has increased 34 per 
cent in the last seven years, the coal equivalent of coke charged to the blast 
furnaces has increased only 23 per cent. This substantial saving has occur¬ 
red despite a marked deterioration of coking coal quality.... Althou^ 
steel production has increased by a third, the consumption of coal other 
than coking coal has actually declined by a quarter.,..* Steel Review, 
British Iron and Steel Federation, April 1956, pp. 1-2. 

23 British steel industry’s fuel and power consumption is given in the table 
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below. The consumption is in terms of coal equivalent, but the various 
forms cannot, however, be added together since the gas, tar and creosote 
pitch and one-third of electricity are produced in the industry from the 
basic fuels also included in the table. 



1948 

1955 

Increase 
(per cent) 

Consumption (mtee) 

Coke: in blast furnaces 

16.62 

20.42 

23 

Other uses. 

0.39 

0.43 

fo 

Coal other than coking 

7.66 

5.78 

—25 

Heavy fuel oil 

0.98 

2.01 

105 

Other oil 

0.04 

0.12 

200 

Tar 

0.08 

0.41 

413 

Creosotc-pitch 

0.16 

0.53 

231 

Coke oven gas 

2.75 

4.13 

50 

Electricity 

2.42 

3.47 

43 

Production (million tons) 

Pig iron and ferro-alloys 

9.28 

12.47 

34 

Crude steel 

14.87 

19.79 

33 


SouRcn: St(*&l Review, April 1056, p, 2. 


24 Report of the Expert Committee on Coal Consumjytion in Railways, Mini¬ 
stry of Railways, Govt, of India, 1958, pp. 85-92. 

25 The Times Review of InfUistry, June 1959. 
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Efficiencies of Household Cooking Appliances 


Fuel 

Efficiency 
(per cent) 

Effective price 
(nP/thousand kcal) 

Soft coke 

28 

3.93 

Ga.s (coal) 

60 

6.30 

Kerosene 

48 

9.35 

Charcoal 

28 

11.40 

Wood 

17 

11.70 

Electricity 

70 

15.40 

Dung 

11 

22.70 


SouncL: Damestic Fuels in India, National Council of Applied Economic 
Jlesearch, 1959, p. 23* 
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Domestic Heat Consumption in India, 1956 


(mice) 



Urban 

Rural 

Total 

Coal* 

2.0 

— 

2.0 

Electricity 

0.2 

— 

0.2 

Kerosene 

0.3 

— 

0.3 

Dung 

4.0 

35.0 

39.0 

Firewood 

Solid** 

8.5 

23.5 

32.0 

Waste 

5.0 

18.5 

23.5 

Total 

20.0 

77.0 

97.0 


• including coke. 

** including charcoal. 

Source: Domestic Fuels in India, National Council of Applied 
Economic Research, 1959, p. 17. 

28 The percentage contribution of wood-fuel to total energy system fell from 
98 per cent in 1800 to 5 per cent in 1950 in the U.S.; 99 (1860) to 35 per 
cent (1950) in the U.S.S.R.; 22 (1860) to 4 per cent (1950) in Germany; 
30 (1920) to 15 per cent (1940) in Argentina; and 94 (1880) to about 72 
per cent (1945) in India. [Thirring Hans, Power Production, Harrap, 
1956', p. 220.] 

29 Industrial production is expected to grow at a rate of about 7-8 per cent 
annually during the next two or three plans. During the Second Plan, the 
steel capacity was to be almost quadrupled to 6 million tons (of crude 
steel); provisional targets for the Third and Fourth Plans have been fixed 
at 10.5 and 16 million tons respectively. 

30 Electrical Power Expansion in the Third Plan in Relation to Energy deve¬ 
lopment in India (mimeographed), Planning Commission, 1958. 

31 Preliminary Report of the Committee on Requirements and Utilisation of 
Coal (mimeographed), Ministry of Production, Government of India, July 
1957. 

32 First Five Year Plan for Development of the National Economy of the Peo¬ 
ple's Hepubltc of China in 1953-1957, Foreign Languages Press, 1956, p. 34, 

33 Ibid., p. 48. 

34 Energy in Latin America, pp. 30-3; 

'A relationship between the change in total fuel consumption and the 
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change in output of manufacturing industry (for data covering 1929-50) 
suggests that for every 1 per cent increase in production there is a 0.81 
per cent increase in energy consumption, which is partly offset by a ten¬ 
dency for consumption to fall by 0.6 per cent every year. A broader 
generalisation is that consumption of primary fuel increases over time by 
about 0.6 per cent for every 1 per cent increase in industrial activity.* 
Robinson and Daniel, Peaceful Uses of Atomic Energy, Vol. I, pp. 39-41. 

35 A detailed breakdown of the industrial sector is given in Table 7.1.2. 

36 Daniel G. H., ‘The Energy Requirements of the United Kingdom’, Peace- 
ful Uses of Atomic Energy, Vol. I, p. 242. 

37 Robinson E.A.G. and Daniel G.H., Peaceful Uses of Atomic Energy, 
Vol. I., p. 45. 

38 This may not be strictly true. The current momentum of expansion is 
expected to be maintained well into the seventies although there may be a 
slight drop in the rate of industrial development towards the end of this 
period. 

39 Working Group Report on the Third Plan (mimeographed), Planning Com¬ 
mission, 1959. 

40 This is the normal doubling period in ‘developed’ countries with more or 
less stable economies. 

41 This empirical rate of growth was assumed also by H.J. Bhabha in hLs 
projection of electricity demand up to 1980. (‘Atomic Power in India*, 
Peaceful Uses of Atomic Energy, Vol. I, p. 107) 

42 I/AHini A. and Ghosal A., ‘Requirements and Resources for Power Genera¬ 
tion in India*, Indian Journal of Power and River Valley Development, 
December 1958. 

43 Projections of industrial sub-sectors (mining, factory establishments, small 
enterprises and construction) are given in Table 7.1.2. Indices of indus¬ 
trial production, 1960-75, have been estimated on the basis of past correla¬ 
tions (1950 to 1957) and after making suitable adjustments to allow for the 
variation in w^eights (owing to changes in the industrial complex). 

44 ‘Heavy’ industries comprise (1) chemicals including fertilizers but exclud¬ 
ing light chemical works; (2) refractories; (3) cement factories; (4) iron 
and steel works; (5) copper mining and smelting; (6) re-rolling mills and 
metal works; (7) miscellaneous mining; and (8) engineering and foundries. 
The rest of the industries are grouped under ‘light* industries. The con¬ 
sumption of electricity in ‘heavy’ industries is about one-third of the total 
industrial coiLsumption of electricity. (Vide Tables I and II.) 

45 Energy in India (mimeographed), National Council of Applied Economic 
Research, 1959. 

46 & 47 Power Engineer, Vol. 6, 2, 1956; Second Five Year Plan, pp. 341-2, 
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48 The following table gives the breakdown in terms of population range, and 
the number of towns and villages to be electrified by 1861: 


I 



I 

sr 


O' 

fb 

I 

f 

Ps 


I 

5 


Over 100,000 

73 

73 

73 

50,000-100,000 

111 

111 

111 

20,000-50,000 

401 

366 

401 

10,000-20,000 

656 

350 

850 

5,000-10,000 

3,101 

1,200 

2,659 

Less than 5,000 

356,565 

5,300 

13,000 

Total 

561,107 

7,400 

18,000 


* according to 1051 census. 

Source: Second Five Year Plan, Planning Cummission, p. 342. 


49 


Relative Size and Per Capita Income Levels or Urran and 
Rural Groups in India, 1950-51 



Percentage of 
alMndkL 
population 

Per capita 
income of group, 
as percentage of 
all-India per 
capita income 

Urban 

17 

209 

Rural 

83 

77 

Non-farm rural 

10 

93 

Farm rural 

07 

74 

Cultivators 

44 

93 

Labourers 

23 

38 

Urban combined with 


non-farm rural 

33 

153 


Source: Census of 1951; National Income Committee; All-India 
Agricultural Labour Inquiry; and Poona Schedules ot 
the National Sample Survey. 
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Power Consumption in Madras as compared to All-India 
(percentage) 

India (1956) 67.0 4.0 18.4 1.5 9.1 

Madras (1956-57) 58.8 14.5 20.7 2.0 4.0 


51 A comparative analysis of thermal and hydro generation is made in Chap¬ 
ter IX, para 9.5. 

52 The installed capacity of hydro power stations is to be almost trebled (from 
just under 1 to 3 million kW), during the Second Five Year Plan. This is, 
no doubt, the maximum rate of expansion possible as far as hydro power is 
concerned. Rates of increase in the subsequent plans are assumed to be 
progressively diminishing and so will the growth rates of irrigation ‘power*. 

53 Reserves of coal, mostly low-grade, have been estimated at over 100,000 
million tons [Lahiri A. and Ghosal A., Indian Journal of River Valley 
Development, December 1958]; reserves of petroleum arc, for obvious 
reason, difficult to estimate, but are not believed to be large. 

54 Report of the Expert Committee on Coal Consumption in Railways, Minis¬ 
try of Railways, 1958, p. 91. 

* 

55 Detailed requirements of the transport sector including railways are 
worked out in Chapter VI. 

56 See Table 6.7,1. Coal con-stitutes roughly half of the long-distance traffic 
generated in 1970 and 1975. Although these figures are tentative, it is clear 
that coal, most of which is carried by railways, will be a major component 
of rail traffic in the coming years. 

57 Public Electricity Supply All-India Statistics, General Review, 1950 to 
1956, Central Water and Power Commission. 

58 The number of units (kWh) generated per ton of coal amounted to: ,930 
in 1925; 1450 in 1935; 1600 in 1945; 1780 in 1950; and 2075 in 1065 (esti¬ 
mated). According to the latest announcement of the British Electricity 
Authority, there was an average increase of about 2 per cent in thermal 
efficiency during the year ending March 1959. [Annual Report, British 
Electricity Authority, HMSO, 1959.] 

59 See Table 3.10.3. 

60 Second Road Development Plan for India, 1961-81 (draft), Ministry of 
Transport and Communications, 1959. 

61 Annual Reports, 1954-^5 to 1957-58, Railway Board. 

62 Energy in India (mimeographed), National Council of Applied Economic 
Besearch, 1959. 

63 Fuel Economy on Indian Railways, Keport of the Railway Fuel Economy 
Inquiry Committee, 1953, p. 12. 
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where y = industrial goods traffic in Ions 

X = index of industrial production (1951 = 100). 
y = .295 X — .62 

where y = agricultural goods traffic in tons. 

X = consumption of foodgrains in Ions. 

Passengers Originating and Passenger-Miles in Indian 

Railways, 1945-57 
(millions) 

Year 

Passengers 

Passenger- 



miles 

1945-46 

986 

40,046 

, 1946-47 

1,078 

40,631 

1947-48 

981 

32,150 

1948-49 

1,114 

37,129 

1949-50 

1,194 

38,465 

1950-51 

1,279 

. 41,159 

1951-52 

1,204 . 

39,030 

1952-53 

1,186 

36,928 

1953-54 

1,194 

37,096 

1954-55 

1,235 

38,316 

1955-56 

1,275 

38,774 

1956-57 

1,360 

41,878 

Source : Railway Board. 


Coal Consuaiption in Indian Railways, 1926-27—1956-57 


(pounds per 1000 gross ton miles) 

Year 

Goods** (B.G.) 

Passenger^ (B.G.) 

1926-27 

139 

186 

1930-31 

132 

173 

1934-35 

127 

166 

1938-39 

137 

178 

1942-43 

150 

177 

1946-47 

163 

174 

1950-51 

159 

201 

1956*57 

153 

182 

* and proportion of mixed. 


Source: Report of the Expert Committee on Coal Consumption 


in Railways, p. 36. 
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68 Report of the Expert Committee on Coal Consumption in Railways, p. 85, 
and Appendix 23, p. 207. 

69 ‘The Committee consider that endeavours should be made to reach a target 
of at least 30 per cent electric traction, and 20 per cent diesel traction by 
1975. This will leave 50 per cent of railway traffic for steam traction which 
will require 27.5 million tons of coal (including 2.5 million tons for gene¬ 
rating thermal power for electrification) against 50 million tons estimated 
earlier. Thus with 30 per cent electrification and 20 per cent dieselisation, 
the requirement of coal in 1975 will remain at about the same level as now 
estimated for 1905-66.** [Report of the Eocpert Committee on Coal Con¬ 
sumption in Railways, p. 91] 

70 Petroleum fuels constituted less than one per cent of the total energy 
consumption by the railways during 1950-56. 

71, 72 & 73 Second Road Development Plan for India, 1961-81. The draft plan 
has not yet been approved by the Government. 

74 About 1.8 million tons, roughly 5 per cent of the total coal despatches from 
collieries, were carried by road in 1956, statewise distribution being as 
follows: West Bengal, 919,000 tons; Bihar, 599,000 tons; Assam, 195,000 
tons; Orissa, 55,000 tons; and Madhya Pradesh, 41,000 tons. [Indton Coal 
Statistics, Chief Inspector of Mines, Ministry of Labour, 1956.] 

75 Basic Hoad Statistics, Ministry of Transport (Roads Wing), 1954-56. 

76 

Registrations of Commerciai. Vehicles 
(Buses and Goods Lorries) 


On 31st March 

Petrol . 

Diesel 

1948 

66,351 

363 

1949 

£>9,067 

1,134 

1950 

101,508 

2,406 

1951 

116,940 

2,840 

1952 

114,187 

3,599 

1953 

124,439 

5,085 

1954 

124,897 

7,510 

1955 

133,764 

13,538 

1956 

141,116 

20,023 


Source: Indian Roads and Transport Development Association; 
Burmah-Shell Oil Storage & Distributing Co. of India 
(Economics Department). 




i52 


DliMANl) fon EKERGV IN INDIA 


77 Ah' traffic has grown at a rate of about 15 per cent annually since 1951 but 
it is believed that it might drop off to about 12 per cent in future. [The 
Financial Times, Aviation Supplement, 1 September 1958] 

78 Second Fire Year Plan, p. 73. 

79 

Net Value op Output in Mining, 1950 
(Rs. Million) 


Value of output 
building materials 

41 

coal 

467 

coppe rove and corundum 

12 

gold 

59 

iron ore 

15 

manganese ore 

85 

mica 

66 

salt 

45 

others 

43 

Total 

833 

Deductions 

111 

Net value of output 

722 


Source: National Income Committee, Final Report, February 1954, 

p. 62. 

80 Second Five Year Plan, p. 73. 

81 See Note 29. 

82 The gi-eater relative use of electricity in a developing economy (Latin 
America, for instance) is clearly illustrated by the increase in the coefficient 
of electrification which has almost doubled since 1937: See Table on p. 153. 
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9 m 

^ s S' 

Ej s; 

^ s 

a o ^ 

II 


2 5* 2. 
C n> 



^ 5i 

g S o 

<? 


■ electr 
/kg of 
uivalen\ 


1929 

7,232 

72 


1937 

11,205 

96 

0.275 

1948 

23,204 

157 

0.429 

1954 

37,221 

218 

0.524 


Source: Energy in Latin America, pp. 30-1. 


83 The ‘technical coefficient’ method—^tiie method by which constant input 
coefficients are applied to estimated physical outputs to obtain aggregate 
input demands—almost always results in over-estimation of total input. 
Even a relatively small rise in efficiency utilization of one per cent annu¬ 
ally leads to a saving of over 20 per cent in ilfteen years, although over a 
short period of time, the cumulative savings in consumption may not be so 
large. This is probably one of the reasons why most of the energy esti¬ 
mates both in this country ns well as abroad, have proved to be generally 
on the high side. From a situation of energy scarcity in the early nineteen 
fifties Europe today has progressed to a point when it is positively embar¬ 
rassed by a glut of energy supplies. [Electrical Review, 15 May 1959] 

84 & 85 Report of the Eleventh Censns of Manufactures, Directorate of Indus¬ 

trial Statistics, Ministry of Commerce and Industry, 1956, 

86 The price of steam coal per ton increased from Rs. 16.25 in 1949 to 
Rs. 20.94 in 1957, a rise of 30 per cent, as against a rise of 12 per cent in the 
wholesale price index during this period. If a base other than 1949 is 
taken, a different relative rate of increase will be obtained, but there is 
no doubt that coal prices have been moving faster than other energy sources 
during the last few years. 

87 An increase of 50 nP. in the price of coal was announced recently (TTie 
Statesman, 25 August 1959) on the recommendation of the Coal Prices Re¬ 
vision Committee which went into the question of costs In the coal Industry 
at the behest of Government of India. 
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88 Estimated cjial-oil parities in industry and other uses were included in an 
appendix to the Ridley Report on National Policy for the Use of Fuel and 
Power Resources, 1052: 


Central heating 2.0 

Bakeries 2.5 

Open-hearth steel furnaces 2.1 

Non-ferrous metal furnaces 3.0 

Steam raising generally 1.8 

Main line diesel locomotives 5.0 

Diesel shunting locomotives 12.0 


89 Sc 90 The Financial Times, World Oil, 1958. 

91 Metre W. B. and Nagappa Y.,' Oil Prospects in India', India Quarterly, 
April-June 1958. 

92 Progress and Economic Problems in Farm Mechanization, FAO, 1952. 

03 The Agricultural Situation in India, July 1958, p. 292. 

94 *lt is now known for certain that only a very small proportion of this resi¬ 
dual area (the 123 million acres of 'other uncultivated lands excluding 
current fallows') can be brought under the plough at costs which the ex¬ 
pected revenue from their cultviation would justify,... The maximum 
rate of reclamation of new land which might possibly be maintained for a 
few years would be about 1.5 million acres.’ [Reclamation and Settlement 
of New Lands in India,* Agricultural Situation in India, Sep. 1954, p. 348.] 

95 Second Five Year Plan, p. 269, 

96 Ibid., p. 324. 

97 Livestock Census, Ministiy of Food and Agriculture, 1956. 

98 Farm Mechanization, FAO (Rome), 1956. 

99 Abstract of Agricultural Statistics, Ministry of Food and Agriculture, 1938. 

100 Farm Mechanization, FAO (Home), 1956. 

101 Sir B. P. Sings Boy et al. Suggestions for Agricultural Selfsufflciency, 
1958, p. 18. 
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102 

Analysis of Diesel Power Stations in terms of Plant Capacity 

1956 


Plant Number of 

capacity (kW) generating stations 


Up to 100 

124 

101-250 

126 

251-500 

110 

501-750 

54 

751-1000 

25 

1001-2500 

92 

2500-5000 

9 

Total 

500 


Source: Central Water and Power Commission. 

103 For a comparison of unit costs of power from steam, hydro and diesel (in¬ 
ternal combustion) engines, see Tables VI-4 and VI-C, Regional Economic 
Development and Nuclear Power in India, National Planning Association, 
Washington, September 1957. 

104 Energy in Assam (mimeographed), National Council of Applied Economic 
Research, 1959. 

105 Metre W. B. and Nagappa Y., ‘Oil Prospects in India', India Quarterly, 
April-June 1959. 

106 Oil Venture, Ministry of Infoxrnation and Broadcasting, Government of 
India (Undated). 

107 Burmah-Shell Refineries Limited, Chairman's Statement, 10 August 1959. 

108 Metre W. B., ‘Future of the Petroleum Industry in India', Presidential 
Address, Geological, Mining and Metallurgical Society of India, 1957. 

109 Oil Venture; Annual Reports (mimeogi-aphed), Oil and Natural Gas Com¬ 
mission, 1956-58. 

110 Neyveli Lignite Project, Neyveli Lignite Corporation, 1957; Utilization of 
South Arcot Lignites, Central Fuel Research Institute, Dhanbad, 1955. 

111 The Times of India, New Delhi, 5 August 1959. 

112 Two refineries in the public sector, with an aggregate capacity of 2.5 mil¬ 
lion tons of crude throughput per year, are to be located at Gauhati (As- 
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sam) and Barauni (Bihar) during the Third Plan. {Annual Report, Mini¬ 
stry of Steel, Mines and Fuel, 1959) 

113 Lahiri a. and Ghosal A., ‘Requirements and Resources for Power Genera¬ 
tion in India*, Indian Journal of Power and River Valley Development 
December 1958, p. 46. 

114 The Times of India, Bombay, 15 March 1959. 


115 Hayath M. and Vu K. L., ‘Assessment of India's Hydro-Electric Resour¬ 
ces’, Power Engineer, Vol. 7, 4, 1957, pp. 200-4; Vij K. L. and Chandran 
C. K., 'Regional Planning for Power*, Ibid., pp. 218-24. 

116 

Coal Costs at Selected Centres in India 


Aijproximate average 
price 


Area 

Source A quality of coal 

At Pithead 
Rs.|ton 

Deliven 

Rs.|ton 

Rajasthan 

Medium grade coal from Central 
Indian collieries in M.P. 

17-19 

37.45 

Ahmcdabad 

—do— 

17-19 

37-42 

Bombay 

—do—' 

17-19 

40-45 

Coclun 

Medium grade coal from Singa- 
reni, Andhra 

17-19 

49-50 

Madras 

—do— 

17-19 

39-45 


From Bengal and Bihar via sea 
from Calcutta 

17-19 

60-70 


Source; Railway Board; State Electricity Boards; Tata Industries Ltd., 
Bombay. ' 


117 Ministry of Railways (unpublished information). 

119 & 120 Vu K, L. and Chandran C. K., Power Engineer, Vol. 7, 4, 1957, p, 223 , 
IZl ^YATH M. and Vu K. L., <Economlc Trends in the Production of 

MonSaflSr’’ Conference, SecOonal Canadian Meeting. 

122 Vu K. L. and Chandran C. K.. Power Engineer, Vol 7 . 4. 1967, p. 222 . 
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123 Energy in India (mimeographed), National Council cf Applied Economic 
Research, 1959. 

124 Reference may be made to the following: (1) Peaceful Uses of Atomic 
Energy, United Nations, Vol. I, 1956 and 1958; (2) Economic Applications 
of Atomic Energp, United Nations, 1957; (3) Regional Economic Develop¬ 
ment and Nnclcoff Potocr in India, National Planning Association, Wash¬ 
ington, 1957; (4) Some Aspects of the European Energy Problem, OEEC, 
1955; The Cost of Atomic Power, Shell-Mex, Great Britain, 1958; Bhabha 
H. J. and Prasad N. B., A Study of the Co7itribution of Atomic Energy to 

. a Power Programme in India, 1958; Biiabha H. J., On the Economics of 
Atomic Power Development in India*, The Advancement of Science, Vol. 
XIV, 1957, pp. 159-T4; Dubashi J. D. ‘Prospects of Nuclear Power in 
India’, The Indian and Eastern Engineer, September and November 195G. 

125 Bhabha H. J. and Prasad N. B., A Study of the Contribution of Atomic 
Energy to a Power Programme in India (mimeographed), 1958, pp. 30-4. 

126 Bhabha H. J., Address to the Institute of Science, Bangalore, February 
1959. 

127 Yaoava Mohan and Swayambu S., Power Engineer, Vol. 6, 2, 1950, p. 88. 

128 Rates of growth for some selected countries are given below (in per¬ 
centage) for 1950-55: 


Rate of increase Rate of increase 
Country in national in energy 

income consumption 


Brazil 

3.2 

12.9 

Canada 

0.7 

5.7 

West Germany 

8.1 

6.6 

France 

6.4 

4.3 

Italy 

7.3 

11.2 

Japan 

7.6 

6.6 

Switzerland 

3.8 

7.3 

United Kingdom 

3.2 

2.2 

United States 

4.7 

3.2 


Source: United Nations; United Kingdom Atomic Energy Authority; 
OEEC; Atomic Energy Bureau, Japan. 

129 Institute of the Study of the USSR, Bulletin, Vol V. 7, 1958, pp. 17-25. 

13Q Steel Review, 6, 1957, 
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implements in India, 94 
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Atomic Energy Commission, 102 

Balance-sheet 
for electricity demand, 47 
for non-electrical energy demand, 48 
for total energy demand, 15-6, 18 
BTU input per dollar of GNP, 4 

Census of Manufactures, on prices of 
coal and fuel oil, 87 
China’s First Five Year Plan, 23 
Coal consumption 
industry, 89 
railways, 62-3, 123 
estimate of gross demand, 112 
Coal resources in India, 105 
Coefficients 

for electricity, conversion, 46 
of electrification in industry 83. 85 
86 

of petroleum in industry, 86 
correlation, 38 

Committee on Requirements and Uti¬ 
lization of Fuel, 22 
Consumption 
Coal 

industry, 89 
railways, 62-3, 123 
Diesel oil 
diesel stations, 104 
oil engines, 96 
road traffic, 76, 78 
tractors, 95 
Electricity 
demand, 121-2 
effective, 101 


estimate of gi'oss, 105 
households, 41-3 
industry, 41, 85 
irrigation, 44 
railways, 123 
services, 43 
Energy 

agriculture, 124 
by sectors, estimate of, 98 
by type, estimate of, 99 
function, 8, 111 
households, 50, 122-3 
industry, 6, 80, 82. 124 
primary, 19, 31, 128 
railways, 67 

total effective, 19, 23, 31, 121 
transportation, 123 
Kerosene 
households, 51 
heat, 52 

heat and lighting, 58 
lighting, 52-4 
Petroleum 

aviation and shipping, 79 
industry, 87-9 
road traffic, 76, 78 
Correlation coefficient, 38 
Cost 
capital 

electric plants, 106-7 
hydro schemes, 107 
nuclear power, 108 
oil exploration, 103 
thermal stations, 107 
real, of thermal stations, 107 
unit, of power from hydro stations 
107 

Diesel oil consumptiion in road traffic 
76, 78 
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Diesel stations 

estimated output of electricity from, 
102 

oil consumption by, 104 
Draft power in the world, animal and 
mechanical, 93 

Elasticity for energy consumed as a 
factor in production, 9 
Electricity consumption 
and net national output, 34, 36 
by sectors, 46 
demand, 121-2 
elective, 101 
estimate of gross, 113 
in households, 41-3 
industry, 41, 85 
irrigation, 44 
services, 43 
railway traction, 44-5 
ill railways, 123 

per capita and incomes per capita, 
relationship between, 34-6 
Energy Consumption 

and Gross National Product. 3-6, 26 
and income elasticity, 5, 19 
and net national output, 20 
and national economy, 110 
by sectors, estimate of, 98 
by type of energy, estimate of, 99 
demand for domestic primary, 54-5 
expenditure elasticity of net, 27 
function, 8, 111 

income elasticities of domestic, 8 
income elasticity of primary, 9 
pattern of gross demand by source, 
106, 107 

per capita and incomes per capita, 
relationship between, 1-3 
per capita gross, 28 
primary, 19, 31, 128 
in agriculture, 124 
in households, 50, 122-3 
in industry, 6, 80, 82, 124 
in railways, 67 


in transportation, 123 
total effective, 19, 23. 31, 121 
Energy, pattern of generation by 
source, 126 

Expenditure elasticity of net energy 
consumption, 27 

Five Year Plan 
China’s First, 23 

Fifth, targets of per capita income 
and national income, 13 
Second, per capita incomes, 13 
Fuel efliciencies on railways, 67 

Gosplan of Russia, 103 
Gross National Product 
and energy consumption, 3-6, 26 
Groi;s energy consumption, 28, 107 

Hydro-potential of India, 106-7 

Income elasticity 
and energy consumplion, 5, 19 
of domestic energy consumption, 8 
of primary energy consumption, 9 
Index of industrial elasticity, 40 

Kerosene consumption in households, 
51 

heal, 52 

heat and lighting, 58 
lightnig, 52-5 

Livestock census of 1956, 92 

Natural Resources Division, 21, 37 
Net national output 
and energy consumption, 20 
and electricity demand, 34, 36 
Non-electrical energy, demand for, 86 
Nuclear energy, 
economics of, 108-9 
estimated output of, 109 

Occupational pattern in India, 7-8 
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Oil consumption 
by diesel stations, 104 
by oil engines, 96 
by tractors, 95 

Oil engines, oil consumption by, 96 
Pattern 

occupational, of India, 7-8 
of generation by source of energy, 
126 

of gross demand by source of energy, 
106-7 

Pattern of consumption 
total energy 

by type of energy, 99-100 
industry, 81-2 
primary, 113, 115 
secondary, 111 
coal in railways, 62-3 
diesel oil, 76, 78 
electricity, by sectors, 46 
fuel in railways, future, 68 
kerosene, 52 
petrol, 76, 78 
Per capita incomes 
and per capita energy consumption, 
1-3 

and per capita electricity consump¬ 
tion, 34-6 

Petroleum coefficients in industry, 86, 
88, 89 

Petroleum consumption 
in aviation and shipping, 79 


estimate of gross demand, 112 
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